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FOREWORD 


This  handbook  on  Medi terranean  Ports  was 
developed  as  part  of  an  ongoing  effort  at  the  Naval 
Environmental  Prediction  Research  Facility  to  create 
products  for  direct  application  to  Fleet  operations. 
The  research  was  conducted  in  response  to  Commander 
Naval  Oceanography  Command  (CNQC)  requirements  validated 
by  the  Chief  of  Naval  Operations  (CNO) . 


As  mentioned  in  the  preface,  the  Medi terranean 
region  is  unique  in  that  several  areas  exist  where  local 
winds  can  cause  dangerous  operating  conditions.  This 
handbook  will  provide  the  ship's  captain  with  assistance 
in  making  decisions  regarding  the  disposition  of  his 
ship  when  heavy  winds  and  seas  are  encountered  or 
forecast  at  various  port  locations. 


Readers  are  urged  to  submit  comments,  suggestions 
for  changes,  deletions  and/or  additions  to  NOCC,  Rota 
with  a  copy  to  the  oceanographer ,  COMSIXTHFLT.  They 
will  then  be  passed  on  to  the  Naval  Environmental 
Prediction  Research  Facility  for  review  and 
incorporation  as  appropriate.  This  document  will  be  a 
dynamic  one,  changing  and  improving  as  more  and  better 
information  is  obtained. 


M.  G.  SALINAS 
Commander,  U.S.  Navy 
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PORT  INDEX 


The  following  is  a  tentative  prioritized  list  of 
Mediterranean  Ports  to  be  evaluated  during  the  five-year  period 
1988-92,  with  ports  grouped  by  expected  year  of  the  port  study's 
publication.  This  list  is  subject  to  change  as  dictated  by 
circumstances  and  periodic  review. 


1988  NO.  PORT 


1990  PORT 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


1989 


GAETA,  ITALY 
NAPLES,  ITALY 
CATANIA,  ITALY 
AUGUSTA  BAY,  ITALY 
CAGLIARI,  ITALY 
LA  MADD ALENA,  ITALY 
MARSEILLE,  FRANCE 
TOULON,  FRANCE 
VILLEFRANCHE,  FRANCE 
MALAGA,  SPAIN 
NICE,  FRANCE 
CANNES,  FRANCE 
MONACO 

ASHDOD,  ISRAEL 
HAIFA,  ISRAEL 
BARCELONA,  SPAIN 
PALMA,  SPAIN 
IBIZA,  SPAIN 
POLLENSA  BAY,  SPAIN 
VALENCIA,  SPAIN 
CARTAGENA,  SPAIN 
GENOA,  ITALY 
LIVORNO,  ITALY 
SAN  REMO,  ITALY 
LA  SPEZIA,  ITALY 
VENICE,  ITALY 
TRIESTE,  ITALY 

PORT 


BENIDORM,  SPAIN 
ROTA,  SPAIN 
TANGIER,  MOROCCO 
PORT  SAID,  EGYPT 
ALEXANDRIA,  EGYPT 
ALGIERS,  ALGERIA 
TUNIS,  TUNISIA 
GULF  BAMMAMET,  TUNISIA 
GULF  OF  GABES,  TUNISIA 
SOUDA  BAY,  CRETE 

1991  PORT 


PIRAEUS,  GREECE 
KALAMATA,  GREECE 
THESSALONIKI,  GREECE 
CORFU,  GREECE 
KITHIRA,  GREECE 
VALETTA,  MALTA 
LARNACA,  CYPRUS 

1992  PORT 


ANTALYA,  TURKEY 
ISKENDERUN,  TURKEY 
IZMIR,  TURKEY 
ISTANBUL,  TURKEY 
GOLCUK,  TURKEY 
GULF  OF  SOLLUM 


SPLIT,  YUGOSLAVIA 
DUBROVNIK,  YUGOSLAVIA 
TARANTO,  ITALY 
PALERMO,  ITALY 
MESSINA,  ITALY 
TAORMINA,  ITALY 
PORTO  TORRES,  ITALY 
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PREFACE 


Environmental  phenomena  such  as  strong  Minds, 
high  waves,  restrictions  to  visibility  and  thunderstorms 
can  be  hazardous  to  critical  Fleet  operations.  The  cause 
and  effect  of  several  of  these  phenomena  are  unique  to 
the  Mediterranean  region  and  some  prior  knowledge  of 
their  characteristics  would  be  helpful  to  ship's 
captains.  The  intent  of  this  publication  is  to  provide 
guidance  to  the  captains  for  assistance  in  decision 
making. 


The  Medi terranean  Sea  region  is  an  area  where 
complicated  topographi cal  features  influence  weather 
patterns.  Katabatic  winds  will  flow  through  restricted 
mountain  gaps  or  valleys  and,  as  a  result  of  the  venturi 
effect,  strengthen  to  storm  intensity  in  a  short  period 
of  time.  As  these  winds  exit  and  flow  over  port  regions 
and  coastal  areas,  anchored  ships  with  large  sail  areas' 
may  be  blown  aground.  Also,  hazardous  sea  state 
conditions  are  created,  posing  a  danger  for  small  boats 
ferrying  personnel  to  and  from  port.  At  the  same  time, 
adjacent  areas  may  be  relatively  calm.  A  glance  at 
current  weather  charts  may  not  always  reveal  the  causes 
for  these  local  effects  which  vary  drastically  from  point 
to  point. 


Because  of  the  irregular  coast  line  and  numerous 
islands  in  the  Medi terranean ,  swel 1  can  be  refracted 
around  such  barriers  and  come  from  directions  which  vary 
greatly  with  the  wind.  Anchored  ships  may  experience 
winds  and  seas  from  one  direction  and  swell  from  a 
different  direction.  These  conditions  can  be  extremely 
hazardous  for  tendered  vessels.  Moderate  to  heavy  swell 
may  also  propagate  outward  in  advance  of  a  storm 
resulting  in  uncomf ortabl e  and  sometimes  dangerous 
conditions,  especially  during  tending,  refueling  and 
boating  operations. 

This  handbook  addresses  the  various  weather 
conditions,  their  local  cause  and  effect  and  suggests 
some  evasive  action  to  be  taken  if  necessary.  Most  of 
the  major  ports  in  the  Medi terranean  will  be  covered  in 
the  handbook.  A  priority  list,  established  by  the  Sixth 
Fleet,  exists  for  the  port  studies  conducted  and  this 
list  will  be  followed  as  closely  as  possible  in  terms  of 
scheduling  publications. 
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GENERAL  GUIDANCE 


1. 1  DESIGN 

This  handbook  is  designed  to  provide  ship 
captains  with  a  ready  reference  on  hazardous  weather  and 
wave  conditions  in  selected  Medi terranean  harbors. 

Section  2,  the  captain's  summary,  is  an  abbreviated 
version  of  section  3,  the  general  information  section 
intended  for  staff  planners  and  meteorologists.  Once 

section  3  has  been  read,  it  is  not  necessary  to  read 
section  2. 

1.1.1  Objectives 

The  basic  objective  is  to  provide  ship  captains 
with  a  concise  reference  of  hazards  to  ship  activities 
that  are  caused  by  environmental  conditions  in  various 
Mediterranean  harbors,  and  to  offer  suggestions  for 

precautionary  and/or  evasive  actions.  A  secondary 

objective  is  to  provide  adequate  background  information 
on  such  hazards  so  that  operational  forecasters,  or  other 
interested  parties,  can  quickly  gain  the  local  knowledge 
that  is  necessary  to  ensure  high  quality  forecasts. 

1.1.2  Approach 


Information  on  harbor  conditions  and  hazards  was 
accumulated  in  the  following  manner: 

A.  A  literature  search  for  reference  material 
was  performed. 

B.  Cruise  reports  were  reviewed. 

C.  Navy  personnel  with  current  or  previous  area 
experience  were  interviewed. 

D.  A  preliminary  report  was  developed  which 
included  questions  on  various  local  con¬ 
ditions  in  specific  harbors. 
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E.  Port /harbor  visits  were  made  by 

personnel |  considerable  information  was 

obtained  through  interviews  with  local 
pilots,  tug  masters,  etc|  and  local  reference 
material  was  obtained  (S,ee  section  3 

references) . 

F.  The  cumulative  information  was  reviewed, 
combined,  and  condensed  for  harbor  studies. 


.1.3  Organization 


The  Handbook  contains  two  sections  for  each 
harbor.  The  first  section  summarizes  harbor  conditions 
and  is  intended  for  use  as  a  quick  reference  by  ship 
captains,  navigators,  inport/at  sea  OQC's,  and  other 
interested  personnel.  This  sectiori  contains: 

A.  a  brief  narrative  summary  of  environmental 
hazards, 

B.  a  table  display  of  vessel  location/situation, 
potential  environmental  hazard,  effect-pre- 
cauti onary/evasion  actions,  and  advance 
indicators  of  potential  envi ronmental 
hazards, 

C.  local  wind  wave  conditions,  and 

D.  tables  depicting  the  wave  conditions  result¬ 
ing  from  propagation  of  deep  water  swell  into 
the  harbor. 

The  swell  propagation  information  includes  percent 
occurrence,  average  duration,  and  the  period  of  maximum 
wave  energy  within  height  ranges  of  greater  than  3.3  feet 
and  greater  than  6.6  feet.  The  details  on  the  generation 
of  sea  and  swell  information  are  provided  in  Appendix  A. 

The  second  section  contains  additional  details  and 
background  information  on  seasonal  hazardous  conditions. 
This  section  is  directed  to  personnel  who  have  a  need  for 
additional  insights  on  environmental  hazards  and  related 
weather  events. 
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CONTENTS  OF  SPECIFIC  HARBOR  STUDIES 


This  handbook  specifically  addresses  potential 
wind  and  wave  related  hazards  to  ships  operating  in 
various  Mediterranean  ports  utilized  by  the  U.S.  Navy. 
It  does  not  contain  general  purpose  climatology  and/or 
comprehensive  forecast  rules  for  weather  conditions  of  a 
more  benign  nature. 

The  contents  are  intended  for  use  in  both  pre- 
visit  planning  and  in  situ  problem  solving  by  either 
mariners  or  environmentalists.  Potential  hazards  related 
to  both  weather  and  waves  are  addressed.  The 
oceanographic  information  includes  some  rather  unique 
information  relating  to  deep  water  swell  propagating  into 
harbor  shallow  water  areas. 

Emphasis  is  placed  on  the  hazards  related  to 
wind,  wind  waves,  and  the  propagation  of  deep  water  swell 
into  the  harbor  areas.  Various  vessel 
locations/situations  are  considered,  including  moored, 
nesting,  anchored,  arr i vi ng/depar t i ng ,  and  small  boat 
operations.  The  potential  problems  and  suggested  pre- 
cautianary/evasi ve  actions  for  various  combinations  of 
environmental  threats  and  vessel  location/situation  are 
provided.  Local  indicators  of  environmental  hazards  and 
possible  evasion  techniques  are  summarized  for  various 
scenarios. 
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CAUTIONARY  NOTE:  In  September  1985  Hurricane  Gloria  raked 
the  Norfolk,  VA  area  while  several  US  Navy  ships  were 
anchored  on  the  muddy  bottom  of  Chesapeake  Bay.  One 
important  fact  was  revealed  during  this  incident!  Most 
all  ships  frigate  size  and  1 arger  dragged  anchor,  some 
mare  than  others,  in  winds  of  over  50  knots.  As  winds  and 
waves  increased,  ships  'fell  into'  the  wave  troughs, 
BROADSIDE  TO  THE  WIND  and  became  difficult  or  impossible 
to  control . 

This  was  a  rare  instance  in  which  several  ships 
of  recent  design  were  exposed  to  the  same  storm  and  much 
effort  was  put  into  the  documentation  of  lessons  learned. 
Chief  among  these  was  the  suggestion  to  evade  at  sea 
rather  than  remain  anchored  at  port  whenever  winds  of 
such  intensity  were  forecast. 
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CAPTAIN'S  SUMMARY 


The  Port  of  Catania  is  located  on  the  east  coast 
of  the  Italian  island  o-f  Sicily  (Figure  2-1)  about  225 
n  mi  south-southeast  of  Naples. 


Ports  of  Italy,  Sicily,  and  Sardinia. 


Figure  2-1 


The  Port  o-f  Catania  is  positioned  at  the 
northwest  corner  o-f  the  Gul-f  o-f  Catani  a,  about  55  n  mi 
south-southwest  of  the  Strait  o-f  Messina.  Mt.  Etna,  an 
ac^*ve  volcano,  is  about  16  n  mi  to  the  nor th— nor thwest 
o-f  the  port  (Figure  2-2). 


Figure  2-2.  Sulf  o-f  Catania 


The  Fort  oj _ Catania _ 1  nner _ harbor  ,  although 

protected  From  the  direct  Force  of  open  ocean  waves  by  a 
long  breakwater  and  a  mole,  experiences  some  wave  motion 
from  waves  that  refract  through  the  entrance  (Figure  2 - 
3).  The  harbor  is  exposed  and  vulnerable  to  wind.  The 
port  area  also  experiences  infrequent  ash  falls  from  Nt . 
Etna. 

The  inner  harbor  is  bordered  on  the  west  and 
north  by  the  city  of  Catania,  the  second  largest  city  on 
the  island.  The  eastern  boundary  is  protected  by  a 
breakwater,  Mala  ai  Levante,  which  is  approximately  5,741 
Ft  (1,750  m)  long.  The  western  half  of  the  southern 
boundary  of  the  inner  harbor  is  Farmed  by  a  male.  Mala  di 
Mezzogiorno,  which  extends  about  1,312  ft  (400  m) 
eastward  from  the  shoreline.  The  entrance  to  the  port  is 
approximately  804  ft  (245  m)  wide,  and  lies  between  the 
east  end  of  the  male  and  the  breakwater.  The  inner 
harbor  can  accommodate  ships  with  drafts  not  exceeding  30 
Ft.  The  anchorage  for  vessels  with  drafts  over  30  ft  is 
located  east  of  the  breakwater.  Anchorage  positions 
relative  to  a  green  light  located  at  the  south  end  of  the 
breakwater  range  from  272'  1,640  ft  (500  m)  to  24B* 
6,037ft  (1,840  m > .  Good  holding  qualities  exist  at  the 
anchor  age  in  a  mud  bottom.  The  inner  harbor  has  a  mud 
and  sand  bottom. 


but 


Currents  are  generally  weak  and  wind  driven, 
strong  currents  have  been  reported  at  the  harbor 
entrance.  A  north-northeast  current  o-f  about  2  kt  will 
occur  at  the  anchorage  when  the  wind  blows  southward 
through  the  Strait  of  Messina.  The  tidal  range  is 
slight,  about  1  ft,  but  a  storm  surge  caused  by  easterly 
winds  can  flood  inland. 

Specific  hazardous  environmental  conditions, 
vessel  situations,  and  suggested  precauti onary/evasi on 
action  scenarios  are  summarized  in  Table  2—1.  Hazards 
for  both  inner  harbor  and  outer  harbor  are  addressed. 


This  page  intentionally  left  blank 
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TABLE 


Summary  of  hazardous  environmental  condit 


2—1. 


1. 


HAZARDOUS  CONDITION 


Ash  tall  tro «  Hi,  Etna,  Caused  by  eruption  or 
emission  dt  an  ash  plume  tr o»  lit.  Etna. 


Strong  wind/hiqh  sea  trot  5E  Quadrant  -  Nay  de 

called  BrYjafe,  Levante,  or  Scirocco. 

*  flost  likely  in  late  autuen,  winter,  and  early 
spring.  Uncommon  in  suMer. 

*  Can  6e  accompanied  dy  thunderstorms  in  late 
autumn  or  early  winter. 

*  Can  generate  seas  to  o  *  i20  »t>  at  anchorage. 

*  Soie  wave  energy  will  retract  into 
inner  harbor,  Worst  conditions  occur 
when  wind  and  swell  are  both  trot  SE, 
resulting  in  choppy  harbor  conditions, 
worst  on  west  side. 

*  Nt.  Etna  «ay  deflect  SE  winds,  resulting  in  HE 
winds  at  harbor  under  SE  flow  situation. 


High  swell  tree  the  east  -  Generated  by  ’Etesian' 
winds  over  fleqeanTeastern  Mediterranean  Seas. 

*  Sueeer  event,  eost  cotton  m  August. 

*  Waves  to  6-Si  ft  12.5-3.5  t)  eay  break  over  top 
Of  Nolo  fi:  wfvarte. 

*  Causes  !  1/2  ft  11/2  a)  long-period  swell  to 
refract  into  inner  harbor.  Worst  on  west 
side, 


INDICATORS  OF  POTENTIAL  HAZARD 


Advance  warmno. 

»  Hay  occur  anytite  «t.  Etna  erupts  or  etits  an  ash 
plute  anti  prevailing  winds  are  fro*  the  NW. 


Advance  warning 

♦  “Transient  low  pressure  system  south  o'  Sicily. 

♦  Building  high  pressure  over  Europe  with 
development  of  low  over  North  Africa  or  Ionian  Sea, 

♦  Scirocco  event  may  be  preceded  by  building  cumulus 
clouds  remaining  over  Nt.  Etna  when  air  'low  is 
fro*  SE, 

Pupation 

«  "Transient  low  pressure  system  south  of  Sicily  can 
cause  winds  to  iast  for  1-2  days, 

♦  Building  high  over  Europe  with  low  over  Ncrt- 
Africa  or  Ionian  Sea  can  produce  winds  lasting  5 
days, 

♦  Scirocco  events  can  last  2  weeks. 


Advance  warning. 

*  Swell  will  reach  Catania  4-8  hours  after  wjnc 
begins  to  blow  over  Aegean  Sea. 

Du  -tion 

“Swell  will  persist  as  long  as  Etesian  winds  are 
blowing. 

♦  Swell  will  decrease  about  12-24  hours  arte-  wines 
diminish. 


#1  conditions  for  the  Port  of  Catania,  Italy. 


F4ZARD 


VESSEL  LOCATION/ 
SITUATION  AFFECTED 


EFFECT  -  PRECAUTIONARY/EVASIVE  ACTIONS 


5  an  ash 

H. 


All  locations/situations. 


(i!  Fine,  gritty  particles  of  ash  can  datage  delicate  eouioeent  and  eouioaen 
•nth  dose  tolerances.  - 

*  ProFect  all  equipaent  fro*  contact  with  ash  particles. 

*  Change/dean  air  filters  often  on  gasohne/diesel 
engines  which  aust  reaain  operating. 

ib)  Ash  tay  pose  health  hazard. 

*  Miniaue  personnel  exposure  on  weather  decks  to  avoid  ash  inhalation. 


man  Sea. 
cutulus 
ow  is 


ci L y  can 


pting  5 


i  i  Moored-inner  harOor. 


(21  Anchored-outer  narbor. 


(3)  Arnving/departinq  harbor. 


i4)  Stall  boat  operations. 


(a)  Mind  tay  force  ship  off  loormo. 

*  flooring  lines  snould  be  doubled. 

*  Tug  assistance  lay  be  necessary  in  strong  event. 

*  If  nested,  vessels  aay  shift,  depending  on  wind  direction. 

(a)  Vessels  «av  have  to  depart  anchoraoe. 

*  Large  waves  aay  cause  pitching  at  anchor. 

*  Anchor  dragging  is  possible. 

*  To  ainiaue  effect  of  seas,  proceed  N  through  Strait  of  llessina  to 
anchorages  near  flessina,  at  Palereo  or  Gulf  of  Castellaaaare  on  N 
coast  of  Sicily 

*  Steaainq  close  to  if  coast  of  Italian  Peninsula  will  avoid  worst  effects 
of  sea. 

la)  Strong  event  aay  adversely  iwpact  ship  aaneuvennp  characteristics. 

*  Adjust  arrival/departure  to  avoid  high  winds. 

!b)  Currents  aay  be  strengthened  by  wind. 

*  Be  alert  for  enhanced  currents. 

la)  Boating  aay  be  restricted/cancelled. 


ler  winds 


ll>  Moored-inner  harbor. 


12)  Anchored-outer  harbor. 


(a)  Little  lapact  on  aoored  vessels. 

♦  Swell  refracted  into  harbor  "is  not  considered  dangerous,  but  eoormgs 
should  be  doselv  aonitored, 

♦  Vessels  aoored  along  Molo  di  levante  aay  experience  spray  froa  swell 
breaking  over  the  top  of  the  breakwater. 

la)  Vessels  aay  have  to  depart  anchorage. 

♦  Large  swell  waves  aay  cause  significant  pitching  at  anchor. 

♦  Anchor  dragging  aay  result  froa  sweli  action. 

♦  To  avoid  swell,  proceed  !f  through  Strait  of  Messina  to  anchorages  near 
Messina,  at  Palerao,  or  in  Gulf  of  Castellaaaare  on  N  coast  of  Sicily 


13)  Arrivinq/departinq  haroor.  (a)  Arrival/departure  aay  need  to  be  delayed. 

f  If  going  to  anchor,  delay  arrival  until  after  swell  subsides. 

*  If  going  into  inner  harbor,  turning  N  to  approach  entrance  will  bring 
swell  broad  on  starboard  beaa  and  expose  snip  to  excessive  rolling. 

*  Departing  vessels  will  encounter  swell  broad  on  port  beaa  as  soon  as 
protection  of  breakwater  is  passed. 


14)  Stall  boat  operations. 


la)  Boating  tay  be  restncted/cancelied. 


4,  Thunderstorms. 

*  Mav  be" caused  by  transient  low  pressure  syste* 
south  of  sicily'in  late  autusn/earlv  winter. 

»  lay  occur  with/after  frontal  passages  m 
wmter/early  spring, 

*  vioiert  stores  »ay  tor*  over  (It .  Etna  in  late 
winter/early  spring  and  *ay  »ove  over  the 
Port  of  Catania. 


Advance  warning 

*  faTn  forecast  in  autu»n  or  early  winter  di.e  'c  low 
pressure  syste*  south  of  Sicily. 

*  Strong  trontai  passage  during  autu*n.  winter  Dr 
spring. 

Duration 

*  .an  last  tor  24  hours  when  associated  with  transient 
low  south  of  Sicilv  in  late  autuan  or  earw  winter. 


5.  Sea  areeze  -  Diurnal  easterly  wino  reaching 
»axi*u*  velocities  in  md-atternoon. 

*  host  ro««on  in  su**er,  but  «ay 
occur  on  war*  days  in  other  seasons. 

*  Co**onlv  lasts  hr o*  1030!.  *  lBOuL. 

*  ‘iorwai  •axtr.-t  velocities  are  1  j-li  kt,  but 
strong  event  can  exceed  2'  kt. 


c.  Tropical  cyclones  -  Although  unco**on,  tropical 
cyclones  have  been  observed  in  the  Mediterranean 
basin. 

*  Most  likely  in  late  su**er/autu»n  but  *ay 
occur  in  any  season. 

*  Star*  track  is  dithicult  to  forecast 
accurately.  Manners  mist  give  wide  berth  to 
forecast  track. 


7>  Atmospheric  turbulence  -  Creates  a  proble*  tor 
helicopters  operating  in  the  Catania  area, 

*  Occurs  during  su**er  in  association  with  west- 
southwesterly  winds  which  cancel  sea  breeze 
•echanis*. 


Advance  warning 

*  — Routinely  observed  in  sunter,  and  or  war*  .a** 

spring  and  early  autuen  flays. 

Curat i on 

*  Typically  observed  between  10301  and  ISOOl. 


Advance  warning 

♦  High,  thin  clouds  in  cydomcally  spiralling  baMs, 
gradually  thickening. 

♦  Long  period  swell  fro*  southern  seeicircie  with  no 
other  reasonable  explanation. 


Advance  warning 

*  Cow  pressure  trough  over  western  Mediterranean  Sea. 

*  May  be  preceded  bv  stratus  clouds  along  the  south 
coast  of  Sicilv. 

Duration 

*  Till  last  as  long  as  west-southwesteriv  winos 
persist  at  Catania. 


ji-l.  (Continued) 


ZARD 

VESSEL  LOCATION/ 
SITUATION  AFFECTED 

EFFECT  -  PRECAUTIONARY/EVASIVE  ACTIONS 

(1/  flooded -inner  ntrbor. 

(a/  Possible  strong  ainds/sgualls/lightninq  strikes/aaterspouts. 

ue  to  Ion 

ter,  or 

(2)  Anchoreo-outer  harbor. 

*  Noonng  lines  should  be  aonitored  closely. 

*  Secure  loose  gear. 

*  Himaize  personnel  exposure  on  neither  deck s. 

(a)  Possible  strong  ainds/sgualls/lightninq  strikes/aaterspouts. 

h  transient 
iv  ainter, 

i 

(3/  Arrmog/departinq  harbor. 

14/  Saall  boat  operations. 

1— - - - - r 

*  Personnel  should  be  alert  for  anchor  dragging. 

*  Secure  loose  gear. 

t  flini ai ze  personnel  exposure  on  Heather  decks. 

(a/  Possible  strong  ainds/sgualls/lightninq  strikes/aaterspouts. 

*  Ship  aaneuvenng  aay  be  affected. 

*  Visibility  aay  be  restricted. 

*  Secure  loose  gear. 

«  Nimaize  personnel  exposure  on  aeather  decks. 

(ai  Saall  boat  operation  should  be  restricted. 

i_- _ _ _ 

*  Hind  gusts/squalls  aay  hazard  saall  boat  and  occupants. 

*  Lightning  strikes  are  possible. 

- - - _____ - -1 

.  ate 


mg  bands, 
e  with  no 


( t )  Moored-inner  harbor. 

(2)  Anchored-outer  harbor. 

( 3 )  Arriving/departing  Harbor . 
(4/  5«all  Boat  operations. 


(al  No  significant  problem, 
i a i  No  significant ,  probleas. 

i  Boating  to/froa  anchorage  aay  be  restricted  or  curtailed  in  a  strong 
event. 


anean  Sea. 
he  south 


in  os 


i  1 /  Hoored-inner  harbor. 

1 2)  Hnchored-outer  harbor. 

>3)  Arriving/departing  harbor. 


(4)  Saall  boat  operations. 


( 1 /  Helicopter  operations. 


i a)  Vessel  control  aay  be  affected  at  slow  50ft. 

>.3)  Saall  boating  aay  be  restricted/curtailed  in  a  strong  event 

♦  27  kt  is  cutoff  tor  saall  TraTFoperatfon  to/froaTfie  anchorage. 


(a)  Vessels  should  put  to  sea  and  evade  store. 
ia/  Vessels  should  put  to  sea  and  evade  store. 

(ai 


Vessels  should  nut  to  sea  and  evade  store. 
*  If  at  sea,  stay  at  sea  and  evade  store. 


If  at  sea,  ,  _ 

*  If  departing  harbor,  plan  to  leave  early  fj  avoid  the  effects  of  the 
store. 


(a) 


Cancel  saall  boat  operations 

*  Hoist  saall  craft  out  of  eater  and  secure  on  deck  or,  if  on  shore,  nell 
above  high  tide  line. 


(a)  Operate  helicopters  with  caution 

t  Delay  all  unnecessary  flights  untii  amds  subside. 
*  Exercise  extreae  caution  xhen  operating  in  the 
vicinity  of  Ht.  Etna. 


Table  2-2  provides  the  height  ratio  and  direction 
of  shallow  water  waves  to  expect  at  points  1  and  2 
(Figure  2-3)  when  the  deep  water  wave  conditions  are 
known . 

The  Catania  Point  2  conditions  are  found  by 
entering  Table  2-2  with  the  forecast  or  known  deep  water 
wave  direction  and  period.  The  height  is  determined  by 
multiplying  the  deep  water  height  (8  ft)  by  the  ratio  of 
shallow  to  deep  height  (.8). 

t  _ 

Example:  Use  of  Table  2-2  for  Catania  Point  2 

_ (Carrier  Anchorage)  . _ 

Deep  water  wave  forecast  as  provided  by  a 
forecast  center  or  a  reported/observed  deep 
water  wave  condition: 

8  feet,  12  seconds,  from  120*. 

The  expected  wave  condition  at  Catania  Point  2. 
as  determined  from  Table  2-2: 

7  feet,  12  seconds,  from  115*. 


NOTE:  Wave  periods  are  a  conservative  property 
and  remain  constant  when  waves  move  from  deep  to  shallow 
water,  but  speed,  height,  and  steepness  change. 
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Table  2-2.  Shallow  water  wave  directions  and  relative  height 
conditions  versus  deep  water  period  and  direction  (see  Figure 
2-3  tor  location  o-f  the  points). 


FORMAT:  Shallow  water  Direction 

Wave  Height  Ratio:  (Shallow  Water/Deep  Water) 

CATANIA  POINT  1 _ (Inner  Harbor  Entrance) : _ 

!  _  Per_iod__( sec) _ ! _ 6 _ 8 _ K) _ 1_2 _ 14 _ 1_6 

i  Deep  Water  I  Shallow  Water 


Di recti  an 

Direc 

030° 

060  ° 

.  4 

060' 

070* 

.  5 

090° 

090° 

.0 

120° 

130° 

.  5 

150° 

155° 

.  5 

100° 

140” 

.  2 

ion  and  Height  Ratio 


070  * 

.4 

080' 

.4 

o 

o 

O'  <t 

o  . 

105° 

.  3 

100 

.  4 

075' 

.  5 

085' 

.6 

090' 

.  6 

1  10° 

.  5 

115 
.  5 

100' 

.9 

110' 

.9 

1  10° 

.  B 

120° 

.  7 

125 

.  7 

130' 

.5 

120' 

.  5 

130' 

.  7 

1  10' 

.  5 

120 

.  4 

155° 

.5 

120° 

.5 

110' 

.  6 

115* 

.  3 

110 

.4 

145' 

140' 

135' 

135* 

140 

.4 


CATANIA  POINT  2  (Carrier  Anchorage) : 


Per  i  ad  ( sec ) 

6 

8 

10 

12 

14 

16  '  ! 

!  Deep  Water 

!  Direction 

Shallow  Water 
Direction  and 

Hei qht 

Ratio 

i 

» 

1 

» 

;  030° 

035' 

.  2 

030' 

.4 

035' 

.  4 

040' 

045° 

.  5 

050°  i 

.  6  : 

1 

:  060  ° 

060° 

.9 

060' 

.9 

060' 

.  8 

065' 

.  8 

065' 

.8 

065  °  ! 

.8 

\ 

:  090' 

090' 

.  9 

090' 

.  9 

090° 

.  8 

090' 

.  8 

090' 

.  8 

085'  : 

.8  ! 

• 

!  120' 

120° 

.9 

120' 

.9 

120° 

.8 

115° 

.  8 

1  10' 
.8 

l 

no*  : 

.  8  1 

i 

:  iso* 

150' 

.8 

150' 

.8 

145' 

.7 

135' 

.6 

130' 

.  6 

i 

130°  : 

.  6 

i 

;  iso* 

1 75* 

.  5 

160° 

.  3 

155° 

•  3 

150° 

•  5 

145' 

.4 

i 

1 45*  : 

>  5  ! 
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The  local  wind  generated  wave  conditions  Tor  the 
anchorage  area  identified  as  point  2  (Figure  2-3)  are 
given  in  Table  2—3.  All  heights  refer  to  the  significant 
wave  height  (average  of  the  highest  1/3  waves).  Enter 
the  local  wind  speed  and  direction  in  this  table  to  ob¬ 
tain  the  minimum  duration  in  hours  required  to  develop 
the  indicated  fetch  limited  sea  height  and  period.  The 
time  to  reach  fetch  limited  height  is  based  on  an  initial 
flat  ocean.  When  starting  from  a  pre-existing  wave 
height,  the  time  to  fetch  limited  height  will  be  shorter. 

Table  2-3.  Sulf  of  Catania  near  point  2.  Local  wind  waves 
for  fetch  limited  conditions  related  to  point  2  (based  on 
JONSWAP  model ) . 

Format ;  height  ( f eet ) /per i od  (seconds; 

time  (hours)  to  reach  fetch  limited  height 


Direction  Local  Wind 

and\  Speed  <kt) 

Fetch  \ 

Length _ 18 _ _ 24  _ 30  _ _ 36 _ 42 


(n  mi  ) 

i 

N 

3  n  mi 

'.2  ft 

<2  ft 

2/3 

1 

2/3 

1 

2-3/3  : 

i  ; 

NE 

45  r »  mi 

4-5/3 

C' 

wj 

6/  6 

4**5 

7-6/7 

4 

9/7 

4 

i 

10/7-6  ; 

4 _ _ ; 

i  3  n  rrn 

2-3 /  4 

'-s 

3-4/4 

4/4-5 

5/5 

i 

6/5  ; 

4-  1 

Ex  amp  1 e: 

To  the  south  (ISO0)  there  is  about  a  13 
n  mi  fetch  (Figure  2-2).  Given  a  south  wind  at 
24  kt,  the  sea  will  have  reached  3-4  feet  with  a 
period  of  4  seconds  within  2-3  hours.  Wind  waves 
will  not  grow  beyond  this  condition  unless  the 
wind  speed  increases  or  the  direction  changes  to 
one  over  a  longer  fetch  length.  If  the  wind 
waves  are  superimposed  on  deep  water  swell,  the 
combined  height  may  change  in  response  to 
changing  swell  rond’ ti ons.  Wiuu  wave  directions 
are  assumed  to  be  the  same  as  the  wind 
direction. 
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Combined  Wave  heights  are  obtained  by  -finding  the 
square  root  of  the  sum  of  the  squares  of  the  swell  and 
wind  wave  heights. 

Example:  Swell  10  ft,  wind  wave  5  ft. 

•yj  10-  +  5*  =^100  +  25  =yj  125  As  1 1 . 2  ft 

Note:  Increase  over  larger  height  is  small.  If 
both  heights  were  equal,  combined  height  would  increase 
by  a  factor  of  1.4.  If  one  is  half  of  the  other,  as  in 
the  example,  increase  over  the  larger  of  the  two  is  by  a 
f actor  of  1.12. 

Cl i matol oqi cal  factors  of  shallow  water  waves ,  as 
described  by  percent  occurrence,  average  duration,  and 
period  of  maximum  energy  (period  at  which  the  most  energy 
is  focused  for  a  given  height),  are  given  in  Table  2-4. 
See  Appendix  A  for  discussion  of  wave  spectrum  and  energy 
distribution.  These  data  are  provided  by  season  for  two 
ranges  of  heights:  greater  than  3.3  feet  and  greater  than 
6.6  feet. 

Two  anchorage  areas  have  been  selected  for 
Catania  (Figure  2-3).  Point  1  is  near  the  inner  harbor 
entrance.  Point  2  is  for  the  outer  harbor  anchorage  area 
for  vessels  with  drafts  over  30  ft. 
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Table  2-4.  Shallow  water  climatology  as  determined  -from  deep 
water  wave  propagation.  Percent  occurrence,  average  duration 
or  persistence,  and  wave  period  of  maximum  energy  -for  wave 
height  ranges  o-f  greater  than  3.3  -feet  and  greater'  than  6.6 
•feet  by  c  1  i  natal  aq  i  cal  season. 


CATANIA  POINT  1: 

WINTER 

SPRING 

SUMMER 

AUTUMN 

!  >3.3  -feet 

NCV-APR 

MAY 

JUN-SEP 

OCT 

i 

l 

!  Occurrence 

i 

26 

22 

6 

13 

i 

Average  Duration 

(hrs) 

15 

15 

1  1 

13 

!  Period  Max  Energy < sec) 

i 

l 

9 

9 

9 

8 

!  >6.6  -feet 

NOV-APR 

MAY 

JUN-SEP 

OCT 

i 

t 

!  Occurrence 

! 

(7.) 

7 

6 

1 

5 

» 

!  Average  Duration 

i 

(hrs) 

13 

15 

12 

9 

1  Period  Max  Energy < sec) 

10 

12 

10 

9 

CATANIA  POINT  2: 

WINTER 

SPRING 

SUMMER 

AUTUMN 

!  >3.3  feet 

NOV-APR 

MAY 

JUN-SEP 

□CT 

!  Occurrence 

(•/.) 

25 

23 

6 

14 

!  Average  Duration 

(hrs) 

12 

IB 

9 

13 

1  Period  Max  Energy (sec) 

» 

10 

10 

9 

B 

!  >6.6  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT 

!  Occurrence 

(7.) 

10 

7 

1 

4 

!  Average  Duration 

(hrs) 

14 

1  1 

13 

10 

!  Period  Max  Energy (sec) 

i 

1 

12 

12 

11 

10 
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SEASONAL  SUMMARY  OF  HAZARDOUS  WEATHER  LQNLtlT-Uhb 


WINTER  (November  thru  February) : 

*  Persistent  strong  winds  from  east  thru  south  20- 
25  kt  causes  swell  in  harbor. 

*  Northeasterl y  (Gregale)  winds  funnel  through 
Strait  of  Messina  and  generate  high  waves  at 
anchorage. 

*  Scirocco  (southeasterly)  can  last  -<*w  days  to  two 
weeks. 

*  Thunderstorms  accompany  cold  front  passage  or  lows 
passing  to  south  and  may  last  24  hours  witn  heavy 
rai  n . 

SPRING  (March  thru  May): 

*  Early  spring  conditions  are  similar  to  winter. 

*  Gregale  and  Scirocco  are  rare  by  season's  end. 

*  Early  morning  fog/haze  may  reduce  visibility  to 
near  1  n  mi . 

SUMMER  (June  thru  September): 

*  Occasionally,  daily  sea  breeze  may  reach  25  kt  and 
disrupt  afternoon  operations. 

*  West-southwesterly  winds  20-25  kt  cancel  sea 
breeze  and  bring  hot  temos.  reduced  visibility  due 
to  dust  and  cause  turbulence  problems  for 
helicopter  operations. 

AUTUMN  (October): 

*  Short  transition  season  with  winter-like  weather 
returning  by  month's  end. 

NOTE:  For  more  detailed  information  on  hazardous  weather 

conditions  see  previous  Summary  fable  in  this  section  and 

Hazardous  Weather  Summary  in  S»cr  on  3. 
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GE NERAL  I NFORM AT ION 

This  section  expands  on  the  material  in  the 
Captain's  Summary.  Figures  and  Tables  are  repeated  with 
a  continuation  of  numbering.  Paragraph  3.5  provides  a 
general  discussion  at  hazards  and  Table  3-4  provides  a 
summary  ot  hazards  and  actions  by  season. 

1  Geographic  Location 

Catani a  is  located  on  the  east  coast  of  the 
Italian  island  at  Sicily  (Figure  3-1)  about  225  n  mi 
south-southeast  ct  Naples. 


Figure  3-1 


Ports  ot  Italy,  Sicily,  and  Sardinia 


The  Port  of  Catani 


northwest  corner  of  the  Gi 
south-southwest  o-f  the  Strait 
active  volcano,  is  about  16 
of  the  port  (Figure  3—2). 


the 


i  is  positioned  at 
ilf  of  Catania  about  55  n  mi 
of  Messina.  Mt.  Etna,  an 
n  mi  to  the  north-northwest 


of  Catania 


The  Port  of  Catania  inner  harbor  is  large  and 
capable  of  accommodating  ships  with  maximum  drafts  of 
about  30  -ft  <9.1  m)  (U.S.  Navy,  1983).  Its  -facilities 
are  situated  within  an  artificial  harbor  formed  by  a  long 
breakwater.  Mole  di  Levante  and  a  mole,  Molo  di 
Mezzogi orno  (see  Figure  3-3).  Mount  Etna,  a  10,902  ft 
<3,323  m)  active  volcano  located  about  16  n  mi  north- 
northwest  of  the  port,  dominates  the  landscape.  Other 
prominent  landmarks  include  many  domes  on  buildings  in 
the  city  of  Catania,  a  red  brick  chimney  over  300  ft  high 
which  is  surmounted  by  four  red  aircraft  warning  lights 
and  located  about  400  yds  nor th-nor thwest  of  the  origin 
of  Molo  di  Mezzogiorno,  and  several  grain  elevator  towers 
east  of  the  chimney. 


Figure  3-3.  Port  of  Catania 


3-3 


Qualitative  Evaluation  of _ the  Port  of  Catania 

The  Port  of  Catania,  while  well  protected  -from 
the  effects  o-f  sea/swell  action  from  southwest  through 
northeast,  is  adversely  affected  as  a  protective  harbor 
when  strong  winds  and  resultant  waves  are  from  east 
through  south.  Although  protected  by  a  long  breakwater, 
the  entrance  to  the  harbor  allows  refracted  swell  from 
east  through  south  to  enter  the  inner  harbor.  If  a 
southeaster  1 y  wind  and  southeaster 1 y  swell  coincide  at 
Catania,  choppy  conditions  result  in  the  harbor. 

Persistent  easterly  flow  of  20-25  kt  or  more  will 
cause  6-7  ft  (2  m)  and  occasional  12  ft  (3.5  m)  swell  to 
break  over  the  top  of  Mala  di  Levante.  Refraction  allows 
easterly  swell  to  enter  the  inner  harbor ,  with  the  most 
pronounced  effects  occurring  on  the  western  side. 
Easterly  winds  25-35  kt  will  produce  a  long  period  swell 
1  1/2  ft  (1/2  m)  high  in  the  inner  harbor . 

Large  vessels  (CV's,  oilers,  etc.)  anchor  outside 
the  breakwater  and  are  exposed  to  the  brunt  of  all 
weather  emanating  -from  the  eastern  semicircle.  The 
aircraft  carrier  anchorage  is  located  068°  1,840  m  -from  a 
green  light  at  the  south  end  of  Molo  di  Levante.  Good 
holding  qualities  exist  at  the  anchorage  in  a  mud  bottom. 
The  inner  harbor  has  a  mud  and  sand  bottom.  The  Port  of 
Catania  is  subject  to  ash  falls  produced  by  Mt .  Etna. 

Currents  and  Tides 


Currents  are  generally  weak  and  wind  driven,  but 
strong  currents  have  been  reported  at  the  harbor 
entrance.  A  north-northeast  current  of  about  2  kt  will 
occur  at  the  anchorage  when  the  wind  blows  southward 
through  the  Strait  of  Messina. 

The  tidal  range  is  slight,  about  1  ft,  but  a 
storm  surge  caused  by  strong  easterly  winds  can  flood 
ini  and. 
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Visibility 


Fog  is  not  a  problem  at  Catania,  but  haze  and 
smoke  from  industrial  pollution  can  reduce  summertime 
visibility  to  about  1  mi ,  with  the  poorest  visibility 
normally  occurring  between  0600  and  0800  local  time. 

The  most  restricted  visibility  —  as  low  as  1/2 
mi  —  occurs  during  summer  under  southerly  flow 
conditions,  when  air  enters  Sicily  across  the  southeast 
tip,  becoming  west-southwesterly  at  Catania.  The  result 
is  poor  visibility,  hot  temperatures,  and  a  "yellow- 
white"  sky. 

Visibilities  are  sometimes  reduced  to  1/2  mi  in 
late  winter/early  spring  in  precipitation  associated  with 
thunderstorms  which  form  over  Mt .  Etna. 

5  Ha  z  ar  cious  Condi  tions 

Although  protected  from  some  wind/wave 
conditions,  the  Port  of  Catania  is  vulnerable  to  others. 
A  seasonal  breakdown  of  the  various  known  environmental 
hazards  that  may  be  encountered  in  the  Port  of  Catania 
foil ows. 

A .  Winter _ ( November  through  F ebr u ary  2. 

Persistent  strong  winds  from  east  through  south 
of  20  to  25  kt  or  more  can  cause  significant  problems  at 
the  Fort  of  Catania.  Although  the  eastern  side  of  the 
.nner-  harbor  is  protected  by  a  long  breakwater  ,  the 
configuration  of  the  harbor  entrance  allows  refracted 
swell  to  enter.  Southeasterly  winds  can  produce 
considerable  swell  in  the  inner  harbor ,  which  is 
especially  bad  on  the  west  side.  The  swell  is  bothersome 
but  not  dangerous.  The  accompanying  winds  can  be 
dangerous,  however. 

Prolonged  easterly  flow  will  cause  6-12  ft  (2- 
3.5  m)  or  greater  swell  to  break  over  the  top  of  Molo  di 
Lsvante,  a  frequent  moorage  for  ships.  Easterly  swell 
can  also  refract  through  the  harbor  entrance,  causing  a  1 
1/2  ft  (1/2  m)  long-period  swell  in  the  inner  harbor. 

3-5 


Swell  generated  by  an  easterly  wind  will  normally 
diminish  24  hours  after  the  wind  stops. 

Large  vessels  such  as  aircraft  carriers  and 
oilers  remain  outside  the  inner  harbor,  requiring  about  a 
30  minute  small  boat  ride  into  the  harbor  from  the 
anchorage. 

Minds  from  the  southeast  quadrant,  the  most  ad¬ 
verse  direction  at  Catania,  are  principally  caused  by  the 
"Gregale."  A  Gregale  results  when  high  pressure  lies  or 
is  building  over  central  Europe  or  the  Balkans,  and  a  low 
pressure  system  is  either  over  the  Ionian  Sea,  North 
Africa  near  Libya/Tunisia,  or  transiting  eastward  south 
of  Sicily.  A  transiting  low  may  produce  Gregale  winds 
for  a  day  or  two,  but  winds  from  a  low  over  the  Ionian 
Sea  or  Li bya/Tuni si  a  may  last  for  up  to  5  days.  Mhen 
Gregale  winds  are  from  the  northeast,  they  may  be  rein¬ 
forced  when  passing  through  the  Strait  of  Messina.  The 
result  is  high  waves  which  break  over  liolo  di  Levante. 
The  Gregale  is  most  dangerous  for  ships  at  anchor. 

A  winter  "Scirocco"  will  also  produce  strong  east 
to  southeaster 1 y  wind  and  seas  at  Catania.  A  Scirocco  is 
caused  by  a  well  developed  low  pressure  system  over  North 
Africa  which  brings  hot,  muggy  weather  to  the  region.  A 
Scirocco  event  usually  lasts  for  no  longer  than  2  weeks, 
but  one  event  on  record  lasted  one  month. 

The  blocking  effect  of  Mt.  Etna  sometimes  brings 
northeasterly  winds  to  Catania  in  an  otherwise  south¬ 
easterly  situation.  Mhen  occurring,  the  northeast  wind 
will  tend  to  dampen  southeasterly  swell.  Also,  when 
nor theasterl y  winds  are  blowing  through  the  Strait  of 
Messina,  calm  winds  are  frequently  experienced  in  the 
harbor  at  Catania.  Mt .  Etna  blocks  winds  from  northwest 
clockwise  through  north.  A  steep  gradient  resulting  in 
general  northwest  or  north  flow  will  produce  an  offshore 
wind  at  Catania  but  poses  no  problem  for  harbor  opera¬ 
tions  except  for  bringing  ash  falls  from  Mt.  Etna  over 
the  Port.  There  are  no  strong  wind  effects  at  Catania 
for  winds  from  southwest  clockwise  through  northwest. 
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Heavy  rain  with  low  cloud  ceilings  can  occur  at 
Catania  when  a  low  pressure  system  passes  south  of 
Sicily.  Thunder stor ms ,  commonly  associated  with  low 
passages  in  early  winter  when  SST ' s  are  still  warm  but 
air  temperatures  may  be  cool  ,  may  be  constant  -for  24 
hours.  Thunderstorms  may  also  occur  with  passing  -frontal 
systems . 

Mt.  Etna  sometimes  creates  its  own  thunder stor ms . 
The  thunderstor ms  form  on  the  lee  side  of  the  mountain, 
but  steering  flow  sometimes  carries  them  south  over 
Catania.  The  phenomena  is  most  violent  in  late  winter 
and  ear  1 y  spring,  sometimes  reducing  visibility  to  1/2  mi 
in  rain.  Thunder stor ms  can  also  form  due  to  lifting 
caused  by  heat  release  from  the  volcano.  Anchorage 
positions  at  the  Port  may  experience  hail  and  wind  with 
gusts  to  50  kt.  Waterspouts  are  an  associated  phenomena. 

Snow  is  uncommon,  having  occurred  only  once 
during  a  recent  10  year  period. 

Fog  is  not  a  problem  at  Catania.  Wintertime 
visibilities  are  generally  good. 

B .  Spring  ( March _ throuq h _ M  a yj  . 

Early  spring  environmental  conditions  are  similar 
to  those  of  winter.  Winds  and  seas  generated  by  Gregale 
and  Scirocco  events  continue  with  decreasing  frequency  as 
the  season  progresses,  and  are  rare  by  the  end  of  spring. 

Thunder storms  formed  over  Mt .  Etna  occur  during 
the  early  part  of  the  season,  bring  reduced  visibilities 
in  rain,  as  well  as  gusty  winds  (to  50  kt)  and  possible 
hail  and  waterspouts.  Thunderstorm  frequency  diminishes 
throughout  the  season. 

Sea  breezes  begin  to  appear  on  warm  days  by  late 
spring.  Normally  starting  about  1030L,  they  reach  a 
normal  maximum  strength  of  about  15  kt  by  1500L,  and  die 
down  about  1800L.  A  strong  event  will  cause  boating  to 
be  cancelled  at  the  anchorage  sines  27  kt  is  the  cut  off 
for  small  boats  to  enter  the  inner  harbor 
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Springtime  visibility  is  generally  good  at  the 
start  of  the  season,  but  early  morning  haze  and  smog  may 
reduce  visibility  to  near  1  mi. 

C .  Summer  (June  t h rough  September . 

The  summer  season  in  eastern  Sicily  has  the  least 
hazardous  weather  of  the  year.  The  ex tratropi cal  storm 
track  has  moved  northward  so  strong,  migrating 
extr atropi cal  storms  pose  little  threat  to  Catania. 

Afternoon  sea  breezes  are  daily  occurrences. 
Usually  commencing  about  1030L,  the  wind  force  increases 
to  a  maximum  of  about  15  kt  by  1500L,  and  diminishes 
about  1800L.  A  strong  event  will  cause  boating  to  be 
cancelled  at  the  anchorage  since  27  kt  is  the  cut-off  for 
small  boats  to  enter  the  inner  harbor.  A  high  pressure 
cell  aloft  can  oppose  the  return  flow  of  the  sea  breeze 
mechanism.  The  sea  breeze  usually  dominates  but 
velocities  will  be  weaker  than  normal. 

When  winds  are  from  the  south  over  the  southeast 
coast  of  Sicily,  the  air  flows  through  mountain  passes 
before  reaching  Catania.  The  air  heats  adi abati cal  1 y  as 
it  descends  the  mountain  slopes,  and  reaches  Catania  as 
west-southwesterly  20-25  kt.  The  winds  create  a  turbu¬ 
lence  problem  for  helicopters  operating  in  the  area. 
This  event  will  cancel  the  sea  breeze  and  bring  very  hot 
temperatures  to  the  Port.  Due  to  the  dust  carried  from 
North  Africa,  the  sky  turns  yellow-white  and  visibility 
may  be  reduced  to  1/2  mi  under  nearly  cloudless  skies. 
Flies  and  other  insects  abound  during  these  weather 
events. 

Haze  and  smog,  advected  over  the  Port  by  an  early 
morning  land  breeze,  commonly  reduces  early  morning 
(0600-0800L  is  the  worst  period)  visibility  to  about 
1  mi ,  but  small  boats  operate  effectively  and  seem  to 
have  no  difficulty  locating  ships  at  anchor.  The  land 
breeze  creates  no  appreciable  wind  or  sea  effect  at 
Catani a . 

The  prevailing  northerly  winds  over  the  eastern 
Mediterranean  and  Aegean  Seas  (basically  a  monsoonal  flow 
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associated  with  a  deep  low  pressure  area  which  -farms  over 
northwest  India)  is  called  the  "Etesian."  Once 
established,  it  can  generate  8-12  -ft  (2. 5-3. 5  m)  westerly 
moving  swell  which  will  reach  the  east  coast  of  Sicily  in 
4-0  hours.  The  maximum  occurrence  o-f  Etesian  winds  and 
resultant  swell  is  in  August.  While  some  of  the  swell 
may  break  over  the  top  of  Molo  di  Levante  and/or  refract 
into  the  inner  harbor  at  Catania,  most  of  the  effect  of 
the  swell  is  experienced  at  the  anchorage  outside  the 
breakwater . 

D.  Autumn  (October). 

As  is  the  case  over  much  of  the  Mediterranean 
region,  the  autumn  season  is  short,  spanning  about  one 
month  —  October.  The  daily  occurrence  of  the  sea  breeze 
is  interrupted  as  temperatures  begin  to  moderate. 
Ex tr atr op i cal  systems  begin  to  transit  Europe  as  the 
storm  track  moves  southward  in  advance  of  the  winter 
season . 

The  threat  of  strong  winds  from  the  eastern 
quadrant  caused  by  a  Bregale  or  Scirocco,  as  discussed  in 
section  A  above,  increases  as  the  autumn  season 
pr ogresses. 

Heavy  rain  with  low  cloud  ceilings  can  occur  at 
Catania  when  a  low  pressure  system  passes  south  of 
Sicily.  Thunder storms ,  commonly  associated  with  the  low 
passages  in  late  autumn  when  SST ' s  are  still  warm  but  air 
temperatures  may  be  cool ,  may  be  constant  for  24  hourr. 
Thunderstorms  may  also  occur  with  passing  frontal 
systems. 

E .  Tropical  Storms 

Storms  having  tropical  cyclone  char acter i st l cs 
with  fully  developed  eyes  have  been  observed  on  at  least 
three  occasions  in  the  Medi ter ranean  basin:  23-26 
September  1969,  22-28  January  1982,  and  26-30  September 
1983.  On  the  latter  occasion  the  storm  moved  northwest 
from  the  Gulf  of  Gabes  (on  the  southeast  corner  of 
Tunisia),  through  the  Straits  of  Sicily,  along  the  east 
coast  of  Sardinia,  and  into  the  Gulf  of  Genoa.  Winds  of 
100  kt  were  observed  near  the  eye  while  Cagliari, 
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kt. 


The 


Sardinia  reported  sustained  winds  of  60 
potential  for  a  storm  of  this  type  to  strike  Catania  is 
real  and  the  meteorologist  must  be  aware  of  the 
possi bi 1 i ty . 

3. 6  Harbor  Protection 


The  Port  of  Catania  offers  little  protection  from 
wind  but  the  inner  harbor,  as  detailed  below,  offers 
marginal  protection  from  significant  wave  action. 
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3.6.1  Wind  and  weather 

The  Port  of  Catania  is  exposed  to  the  full  force 
of  wind  from  northeast  clockwise  through  south.  The 
terrain  of  Sicily  lying  to  the  south  through  west  offers 
only  limited  protection,  but  Mt.  Etna  effectively  blocks 
winds  from  northwest  through  north.  The  blocking  effect 
of  Mt .  Etna  frequently  deflects  a  southeasterly  wind  and 
turns  it  to  nor theaster 1 y  at  Catania.  A  strong  northwest 
or  north  flow  over  the  region  will  produce  an  offshore 
flow  at  Catania  but  poses  no  problem  for  harbor  opera¬ 
tions.  There  are  no  strong  wind  effects  at  Catania  for 
winds  southwest  clockwise  through  northwest. 

3.6.2  Waves 

The  Harbor  of  Catania  is  protected  from 
significant  open-ocean  wave  action  from  south-southwest 
through  northeast  by  the  shape  and  orientation  of  Sicily 
and  the  Italian  peninsula.  Fetch  length  is  near  zero 
from  south-southwest  through  north,  and  is  limited  to 
only  45  n  mi  to  the  northeast.  Portions  of  the  harbor 
are  vulnerable  to  waves  from  east-nor theast  clockwise 
through  south,  however. 

The  anchorage  is  exposed  to  the  effects  of  waves 
from  east -nor theast  clockwise  through  south,  making  it 
advisable  to  depart  the  anchorage  if  high  seas  are 
forecast.  The  inner  harbor  is  better  protected,  with  a 
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long  breakwater  oriented  north-south  along  its  eastern 
side,  and  a  mole  protecting  part  o-f  its  southern  side  — 
see  section  3.1.  The  entrance  to  the  harbor  is  open  to 
the  south,  making  it  possible  -for  southeaster  1  y  (the 
worst  direction)  sea/swel 1  to  retract  into  the  inner 
harbor.  Easterly  swell  can  also  retract  into  the  harbor 
entrance,  with  somewhat  reduced  ettect  in  the  harbor. 
Easterly  winds  at  25-35  kt  will  produce  a  1  1/2  tt 
(1/2  m>  long-period  swell  in  the  inner  harbor.  The  swell 
is  not  considered  dangerous,  but  the  winds  are. 

Persistent  easterly  t 1 ow  ot  20-25  kt  or  more  will 
cause  6-7  tt  (2  m)  and  occasional  12  tt  (3.5  m)  swell  to 
break  over  the  top  ot  Molo  di  Levante,  the  eastern 
protective  breakwater  where  vessels  are  trequently 
moor  ed . 

Table  3—1  provides  the  shallow  water  wave 
conditions  at  the  two  designated  points  when  deep  water 
swell  enters  the  harbor. 


Example; _ Use  ot  Tab 1 e  3-1 . 

For  a  deep  water  wave  condition  ot : 

8  teet,  12  seconds,  trom  150° 

The  approximate  shallow  water  wave  conditions 
are: 

Point  1;  5  teet,  12  seconds,  trom  110° 
Point  2;  5  teet,  12  seconds,  trom  135' 


Table  3—1.  Shallow  water  wave  directions  and  relative  height 
conditions  versus  deep  water  period  and  direction  (see  Figure 
3-3  tor  location  ot  the  points). 


FORMAT:  Shallow  Water  Direction 

Wave  Height  Ratio:  (Shallow  Water/Deep  Water) 


CATANIA  POINT  1  (Inner  Harbor  Entrance) ; 


;  Period  (sec) 

6 

8 

10 

12 

14 

16 

!  Deep  Water 

!  Direction 

Shallow  Water 
Direction  and 

Hei qht 

Rati  o 

!  030* 

060* 

.4 

070° 

.  4 

080° 

.  4 

090° 

.  4 

105° 

100° 

.  4 

1  060° 

0 

o 

r-  in 

o  • 

075° 

.  5 

085* 

.6 

090° 

.  6 

1  10° 

.  5 

115° 

.  5 

;  090° 

090° 

.8 

100* 

.  9 

110° 

.  9 

110° 

.  8 

120° 

.  7 

125° 

.  7 

c 

o 

N 

130° 

.  5 

130° 

•  5 

120" 

.  5 

130° 

.  7 

110° 

.  5 

120° 

.  4 

;  iso* 

155° 

.  5 

i  cc  o 

A  _JsJ 

.  5 

120° 

.  5 

1  10° 

.  6 

115° 

.  3 

110° 

.  4 

:  iso* 

140* 

o 

_ ■  A. _ 

145° 

140° 

135° 

.  3  _ 

135° 

.4 

1 40  * 

.5 

CATANIA  POINT  2 _ (Car r l er  Anchorage) : 


!  Period  (sec) 

6 

8 

10 

12 

14 

16  ! 

Deep  Water 
:  Direction 

Shallow  Water 
Direction  and 

Hei qht 

Rat  l  a 

i 

I 

i 

* 

030  ° 

035° 

•  -*t_ 

030° 

.  4 

035° 

.  4 

040° 

045° 

•  5 

050°  . 

.  6  : 

1  060° 

060’ 

.  9 

060° 

.  9 

060° 

q 

065° 

.  8 

065° 

.  8 

065°  : 

.  8  ; 

1 

:  090  ° 

090° 

.9 

090* 

.  9 

090  ° 

.8 

•  o 

CD  >0 

O 

0 

090  ° 

.  8 

1 

085  °  ! 

.8  : 

i 

:  120° 

120° 

.  9 

120° 

.  9 

120° 

.8 

115° 

.  8 

110° 

.8 

• 

no°  : 

.  8  : 

i 

!  150° 

150° 

.  8 

150° 

.  8 

145° 

.  7 

135° 

•  6 

130° 

.  6 

130°  : 

.  6  ! 

1 

!  180° 

175° 

•  5 

160° 

-  3 

155" 

.  3 

150° 

.  5 

145° 

.  4 

1 

145°  1 

.  5  ! 
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Situation  specific  shallow  water  wave  conditions 
resulting  from  deep  water  wave  propagation  are  given  in 
Table  3-1  while  the  seasonal  climatology  of  wave  con¬ 
ditions  in  the  harbor  resulting  from  the  propagation  of 
deep  water  waves  into  the  harbor  are  given  in  Table  3-2. 
If  the  actual  or  forecast  deep  water  wave  conditions  are 
known,  the  expected  conditions  at  the  two  specified 
harbor  areas  can  be  determined  from  Table  3-1.  The  mean 
duration  of  the  condition,  based  on  the  shallow  water 
wave  heights,  can  be  obtained  from  Table  3-2. 


Ex  a  mp  1  e : _ Use  of  Tables  3-1  and _ 3.-2 . 

The  forecast  for  wave  conditions  tomorrow 
(winter  case)  outside  the  harbor  are; 

S  feet,  14  seconds,  from  060° 


expected  shallow  water  conditions  and  duration; 


hei ght 
per i od 
direction 
dur  at l on 


Point  1 
4  feet 

14  seconds 
from  110° 

15  hour  s 


Point  2 
6  feet 
14  seconds 
from  06>5° 
12  hours 


Interpret  t i on  of  the  information  from  Tables  3-1 
and  3-2  provide  guidance  on  the  local  wave  conditions 
expected  tomorrow  at  the  various  harbor  points.  The 
duration  values  are  mean  values  for  the  specified  height 
range  and  season.  knowledge  of  the  current  synoptic 

patteron _ and  forecast/expected  _  duration  should  be  used 

when  available. 

c'ossiole  applications  to  small  boat  operations 
are;  selection  of  the  mother  ships  anchorage  point  and/or 
areas  of  small  boat  work.  The  condition  duration  infor¬ 
mation  provides  insight  as  to  how  long  before  a  change 
can  lie  expei  ted.  The  local  wave  direction  information 
could  be  of  use  in  selecting  anchorage  conf i gur at l on  and 
related  smal I  boat  operations,  including  tending 
ac tiviti  es . 
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Table  3-2.  Shallow  water  climatology  as  determined  from  deep 
water  wave  propagation.  Percent  occurrence,  average  duration 
or  persistence,  and  wave  period  of  maximum  energy  for  wave 
height  ranges  of  greater  than  3.3  feet  and  greater  than  6.6 
feet  by  climatological  season. 


CATANIA  POINT  Is 

WINTER 

SPRING 

SUMMER 

AUTUMN  ! 

!  >3.3  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT  : 

1 

1 

!  Occurrence 

1 

(7.) 

26 

22 

6 

18  : 

f 

!  Average  Duration 

1 

(hrs) 

15 

15 

1 1 

13  ! 

!  Period  Max  Energy (sec) 

9 

9 

9 

8  : 

!  >6.6  feet 

NOV-APR 

MAY 

JUN-SEP 

oct  : 

1 

i 

!  Occurrence 

l 

(7.) 

7 

6 

1 

5  : 

1 

!  Average  Duration 

» 

(hrs) 

13 

15 

12 

9  : 

( 

!  Period  Max  Energy (sec) 

» 

i 

10 

12 

10 

9 

CATANIA  POINT  2: 

WINTER 

SPRING 

SUMMER 

AUTUMN  : 

!  >3.3  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT  i 

!  Occurrence 

(7.) 

25 

23 

6 

14  ! 

!  Average  Duration 

1 

(hrs) 

12 

IB 

9 

13  ! 

!  Period  Max  Energy (sec) 

10 

10 

9 

B  ! 

!  >6.6  feet 

NOV-APR 

MAY 

JUN-SEP 

OCT  ! 

!  Occurrence 

(7.) 

10 

7 

1 

4  ! 

!  Average  Duration 

(hrs) 

14 

11 

13 

10  : 

!  Period  Max  Energy 

( sec ) 

12 

12 

1 1 

10  ! 

Period  Max  Energy (sec) 


12 


1 
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Local  wind  wave 
3-3  for  Catania  point  2. 
speciticaily  tor  paint  2. 
limited  height  assumes 
pre-existing  wave  height. 


conditions  are  provided  in  Table 
The  specitied  tetch  lengths  are 
The  time  to  reach  the  Tetcn 
an  initial  1 1  at  ocean.  With  a 
the  times  are  shorter. 


Table  3-3.  Quit  ot  Catania  near  point  2.  Local  wind  waves 
tor  tetch  limited  conditions  related  to  point  2  (based  on 
JONSWAP  model ) . 

Format ;  height  ( t eet ) /per i od  (seconds) 

time  (hours)  to  reach  tetch  limited  height 


Direction  Local  Wind 


and\  Speed  (kt) 

Fetch  \ 

Lengt  h  \  18 _ 24 _ 30 _ 36 _ 42 


{  (n  mi ) 

l 

» 

:  N 

<2  tt 

<2  tt 

2/3 

2/3 

i 

i 

2-3/3  i 

!  3  n  mi 

1 

1 

1 

i  NE 

4-5/5 

6/6 

7-8/7 

9/7 

i 

i 

10/7-8  : 

!  45  n  mi 

5 

4-5 

4 

4 

4 

1 

!  S 

2-3/4 

3-4/4 

4/4-5 

5/5 

1 

1 

6/5  : 

!  13  n  mi 

n 

JL. 

2-3 

-4- 

2 

2  : 

Example;  Small  boat  wave  torecasts  (based  on  the 
assumption  that  swell  is  not  a  limiting  condition). 

Forecast  tor  Tomorrow : 

Wind  Waves 


T  i  me 

(Forecast ) 

(Table  3-3) 

prior 

to  0700  LST 

light  and  variable 

<  1  tt 

0700 

to  1200 

NE 

8-10  kt 

<  4  tt 

1200 

to  1800 

NE 

22-26  kt 

building  to 

6  tt  at  6  sec 
by  1600 

Interpretati on ;  Assuming  that  the  limiting  Factor  is 
waves  greater  than  3  teet,  small  boat  operations  would 
become  marginal  by  1300  and  restricted  betore  1400. 
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Combined  wave  heights  are  computed  by  -finding  the 
square  root  of  the  sum  of  the  squares  of  the  wind  wave 
and  swell  heights.  For  example,  if  the  wind  waves  were 
3  ft  and  the  swell  8  ft  the  combined  height  would  be 
about  8.5  ft. 


3''  +  8-'  =yj  9  +  64  =yj 73  ^8.5 

Note  that  the  increased  height  is  relatively  small.  Even 
if  the  two  wave  types  were  of  equal  height  the  combined 
heights  are  only  1.4  times  the  equal  height.  In  cases 
where  one  or  the  other  heights  are  twice  that  of  the 
other,  the  combined  height  will  only  increase  over  the 
larger  of  the  two  by  1.12  times  (10  ft  swell  and  5  ft 
wind  wave  combined  results  in  11.2  ft  height). 

.6.3  Wave  data  uses  and  considerations 


Local  wind  waves  build  up  quite  rapidly  and  also 
decrease  rapidly  when  winds  subside.  The  period  and 
therefore  length  of  wind  waves  is  generally  short  rela¬ 
tive  to  the  period  and  length  of  waves  propagated  into 
the  harbor  (see  Appendix  A),  The  shorter  period  and 
length  result  in  wind  waves  being  character i zed  by  choppy 
conditions.  When  wind  waves  are  superimposed  on  deep 
water  waves  propagated  into  shallow  water,  the  waves  can 
become  quite  complex  and  confused.  Under  such  condi¬ 
tions,  when  more  than  one  source  of  waves  is  influencing 
a  location,  tending  or  joint  operations  can  be  hazardous 
even  if  the  individual  wave  train  heights  are  not 
significantly  high.  Vessels  of  various  lengths  may  re¬ 
spond  in  different  motions  to  the  different  wave  lengths 
present.  The  information  on  wave  periods,  provided  in 
various  tables,  should  be  considered  when  forecasts  are 
made  for  joint  operations  of  various  length  vessels. 
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F'r jtecu  ve  and  Mitigating  Measures 


7. 1  Moving  to  new  anchorage 

When  heavy  east  through  south  wind  or  swell  is 
encountered  or  -forecast  (swell  often  reaching  heights  o-f 
20  -ft  (6  m)  or  more  during  winter),  local  mariners  say  it 
is  best  -for  ships  to  leave  the  anchorages.  More 
protected  anchorages  can  be  -found  along  the  north  coast 
of  Sicily  near  Messina,  or  at  Palermo  or  in  the  Sul-f  of 
Castel 1 ammare. 

7.2  Sor ti e/remai n  in  Inner  Harbor 

If  strong  winds  or  high  seas  from  east  through 
south  are  forecast,  local  harbor  personnel  advise  that 
small  vessels  moored  in  the  inner  harbor  should  stay,  but 
double  their  moorings.  Ships  with  drafts  of  30  ft  or 
less  can  enter  the  inner  harbor  for  protection  if  the 
winds  do  not  exceed  27  kt.  Small  craft  shouLd  be  well 

secured.  If  a  sortie  is  chosen,  moving  northward  through 

/ 

the  Strait  of  Messina  to  more  protected  waters  along  the 

/ 

nortf)  coast  of  Sicily  or  west  coast  /of  the  Italian 
peninsula  should  be  considered. 

7 . 3  Schetiul i nq 

During  summer,  when  the  sea  breeze  is  most 
common,  and  early  morning  visibility  is  worst,  ship 
arrivals/departures  and  small  boat  operations  should  be 
scheduled  at  times  which  avoid  the  worst  of  each 
condition.  On  average,  a  mid  to  late  morning  evolution 
would  be  a  reasonable  compromise.  Similarly,  an  early 
evening  arrival  or  departure  would  provide  light  winds 
and  increased  visibility. 
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Local  Indicators  of  Hazardous  Weather  Conditions 


Strang  winds  and  heavy  seas  from  the  southeast 
quadrant  are  the  greatest  threats  to  the  Port  of  Catania. 
While  not  technically  a  "hazardous"  weather  condition, 
the  uncomfortable  conditions  caused  by  southerly  flow 
during  summer  can  create  unpleasant  working  environment 
and  poor  visibility. 

Easterly  Wind/Waves  -  Since  strong  winds  from  the 
east  quadrant  are  caused  by  a  steep  north-south  pressure 
gradient,  one  indicator  of  a  potential  Gregale  event 
would  be  the  forecast  of  a  synoptic  situation  which 
includes  a  building  high  to  the  north  while  a  low 
pressure  center  is  forecast  to  remain  or  intensify  over 
the  Ionian  Sea  or  the  North  African  region  of 
Libya/Tunisia,  or  transit  eastward  south  of  Sicily.  A 
persistent  strong  wind  condition  caused  by  a  stationary 
or  slow-moving  situation  may  last  for  up  to  5  days. 
Winds  caused  by  a  transient  low  pressure  system  will 
normally  last  for  about  1—2  days.  Seas  will  persist  for 
about  24  hours  after  the  generating  winds  diminish. 
Winds  which  are  southeasterly  over  the  open  ocean 
frequently  became  northeast  over  Catania  duo  to  the 
blocking  effect  of  Mt .  Etna. 

Etesian  winds  in  the  eastern  Medi ter r anean  or 
Aegean  Seas  can  produce  8-12  ft  12.5-3.5  m)  westerly 
moving  swell  which  will  reach  the  east  coast  of  Sicily  in 
4-8  hours.  Maximum  occurrence  is  in  August. 

Strong  winds  and  hot,  muggy  weather  accompanying 
a  Scirocco  are  often  preceded  by  cumuliform  clouds 
forming  and  remaining  over  Mt .  Etna  during  southeasterly 
flow  over  eastern  Sicily. 

Hot  Weather/Poor  Visibility  -  When  winds  are 
southerly  over  the  southeast  tip  of  Sicily  during  summer, 
hot,  unpleasant  weather  with  poor  visibility  occurs  at 
Catania.  This  event  is  often  preceded  by  a  stratus 
buildup  along  the  south  coast  of  Sicily. 
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TABLE  3-4. 


Potential  problem  situa1 


— 

VESSEL 

LOCAT I ON/ S I TUAT I ON 

- — - T 

POTENTIAL  HAZARD  \ 

EFFECT  -  PRECAUTION! 

l.  Noored/Anchored. 

-  inner  har b or 

-  outer  birbor 

Late  Autuin 

Winter 

Early  Spring 

l 

l  | 

a.  Strono  winds/heavy  seas  trot 
southeast  auadrant  -  Priiarily  a  late 
autuen,  winter,  early  sprinq  event.  Can  he 
caused  by  ’Sregale"  dr  'Scirocco*.  Nay 
produce  seas  to  20  ft  (6  e)  in  outer  harbor, 
nth  lesser  heights  refracting  into  inner 
harbor.  Southeasterly  seas  are  worst. 
Southeasterly  wimi  coincident  with 
southeasterly  swell  results  in  a  choppy 
inner  harbor.  East  winds  way  cause  6-12  ft 
(2-3,5  e)  seas  to  break  over  the  top  of  Nolo 
di  Levante,  and  1  1/2  ft  (i/2  e)  long-period 
swell  to  refract  into  the  inner  harbor. 

Refracted  swell  is  worst  for  vessels  toored 
on  the  west  side. 

a.  Retain  at  loonng,  doubling  looring 
personnel  exposure  on  weather  decks. 

Late  Autuin 

Early  Winter 

Late  Winter 

Early  Sprinq 

b.  Rain/thunderstoris  -  Late  autuen/early 
winter  depressions  passing  south  of  Sicily 
frequently  cause  heavy  rain  and/or 
thunderstoris  at  Catania  that  tay  be 
continuous  for  24  hours.  Nay  also  occur 
with  passing  frontal  systees.  Violent 
thunderstoris  fori  over  Nt.  Etna  late 
winter/early  spring  and  iove  over  Catania 
with  hail,  wind  gusts  to  50kt  and 
waterspouts. 

b.  Reiain  at  loonng.  Thunderstoris  cai 
but  the  lost  significant  are  lightning  s' 
little  can  be  done  to  avoid  lightning  sti 
daiage  Dy  high  wind.  Secure  loose  gear, 
weather  decks. 

Late  Spring 

Suiier 

Early  Autuen 

c.  Sea  breeze  -  An  aliost  daily  occurrence 
!  late  spring  through  early  autum.  An  j 

unusually  strong  event  lav  reach  27  kt  and 
cause  boating  to  be  cancelled  at  the 
anchorage,  and  lay  delay  ships  entering  or 
departing  the  anchorage.  Usually  begins 
about  1030L,  reaches  a  norial  waxiiui  of 
about  15  kt  by  1500L,  and  duimshes  about 

1800L. 

c,  Reiain  at  looring.  Normal  strength  1 
narbor  operations.  «  strong  event  --  exi 
to  nortal  ship  operations.  Secure  loose 
weather  decks.  Boating  runs  to/froi  and 
27  kt.  During  suiier  amine  afternoon 

Winter 

Spring 

SuMer 

Autuen 

1 

1  d.  Trooical  cyclone  -  Uncoiion  in  the 
•  Nediterranean,  but  when  occurring  have  a 
j  strong  chance  of  developing  in  October.  Two 
of  the  three  stores  recorded  since  196?  have 
occurred  in  late  Septeiber.  High  winds  and 
seas  possible. 

d.  Because  of  the  potential  tor  destruc 
to  avoid  being  placed  in  the  track  of  a 
to  sea  and  take  evasive  act: ors  at  the  t 
•ay  strike  or  pass  ciose  to  Latama. 

Winter 

Spring 

Suiter 

Autuen 

e.  Ash  fall  froi  Nt.  Etna  -  Catania  is  at 
risk  whenever  Nt.  Etna  erupts  or  ents  an 
ash  pluie. 

e.  Cover  all  delicate  equipment.  Secur 
Ensure  all  engines  which  lust  'eiain  ope 
Niniuze  personnel  exposure  to  ash. 

Sutler 

Early  Autuen 

t.  Easterly  swell  -  'Etesian’  winds  over  the 
eastern  Nediterranean  or  Aegean  Seas  can  cause 
8-12  ft  12.5-3.5  i)  swell  to  propagate  westward 
to  the  east  coast  of  Sicily.  Naxiiui 
occurrence  is  in  August,  Swell  iav  break  over 
top  of  Nolo  di  Levante  and  refract  1  1/2  ft 
il/2  •  )  long-period  swell  in  inner  harbor. 

Worst  effect  is  on  west  side. 

f.  Inner  Harbcr:  Remain  at  mooring, 
to  generate  a  bothersome  swell  in  the  l 
is  advised  for  vessels  »ooreo  on  the  we 
Anchorage:  If  forecast  swell  is  hig 
are  adv. sec  to  leave  the  anchorage  and 
Sicily  cc  west  g*  tKe  ^eninsuid 

Si c i i v  near  hess;na,  —  jt  ca!er*o  or  t 
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m  situations  at  Port  of  Catania  -  ALL  SEASONS 


CAUTIONARY/EVASIVE  ACTIONS 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


ing  mooring  lines.  Secure  loose  gear.  Minimize 
r  decks. 


a.  Strong  winds  trot  the  southeast  quadrant  result  when  a  strong  or  Building 
hi gn  pressure  cell  over  central  or  eastern  Europe  coincides  with  an 
intensifying  iow  pressure  svste*  over  North  Africa  or  Ionian  Sea.  This  is 
priaarily  a  late  autumn,  winter,  early  spring  synoptic  pattern.  Prognostic 
L.'iaits  should  be  reviewed  *itn  tnis  scenario  i>.  tuna.  Ni„os  associated  with  a 
Scirocco  are  often  preceded  by  cumulifor*  clouds  toraing  and  staying  over  Nt. 
Etna  during  southeasterly  flow  over  eastern  Sicily. 


f 


\ 


derstoras  can  pose  several  problems  to  aariners, 
lightning  strikes  and  strong  gusty  winds.  Since 
lightning  strikes,  vessels  are  liaited  to  avoiding 
loose  gear.  Minimize  personnel  exposure  on 


b.  Thunderstora  activity  can  oe  expected  wnen  a  transient  low  pressure  systea 
moves  eastward  south  ot  Sicily  late  in  the  season.  During  late  autuan  and 
winter  cool  air  moving  over  the  relatively  waraer  sea  suriace  causes 
instability  whicn  tan  result  in  aore-or-less  continuous  thunderstora  activity 
far  up  to  24  nours.  They  aav  also  occur  witn  passing  frontal  systems  or  in  the 
cold  air  following  the  front.  During  late  winter  and  spring  violent 
thunderstoras  for*  over  Mt.  Etna  and  aove  over  Catania  when  the  steering  flow 
is  fro*  the  northwest. 


al  strength  sea  breezes  would  have  little  upact  on 
event  --  exceeding  20-25  kt  —  could  pose  hazards 
Secure  loose  gear,  fliniaize  personnel  exposure  on 
to/rro»  anchorage  will  be  curtailed  if  winds  reach 
re  afternoon  stall  boat  operations. 


for  dest'uction,  aariners  should  take  every  effort 
trac>  of  a  tropical  cyclone.  Vessels  should  put 
ons  at  the  first  indication  that  a  tropical  cyclone 
oaten i a, 


c.  The  sea  breeze  should  be  expected  daily  during  the  war*  season  except  under 
the  following  conditions: 

U>  A  high  aloft  over  Sicily  can  oppose  the  return  branch  of  the  sea 
breeze.  The  sea  breeze  will  usually  overcote  the  resistance  but  will  be 
weaker  than  normal . 

!2)  Nhen  southerly  flow  across  eastern  Sicily  descends  toward  Catania  as 
a  west  southwesterly,  hot  wind,  visibility  *av  be  reduced  to  1/2  *i,  and 
no  sea  breeze  occurs,  ~5Tratus  buildup  along  the  south  coast  of  Sicily 
usually  precedes  the  event. 

d.  There  is  little  advance  indication  of  the  formation  ot  a  tropical  cyclone 
in  tne  Mediterranean.  Close  *omtormg  of  satellite  i*ages  and  synoptic 
reports  is  necessary  for  earlv  detection  ot  a  developing  tropical  cyclone.  An 
approaching  tropical  cyclone  #ay  be  indicated  by  noting  nigh,  thin  clouds  in 
cydomcaliy  spiralling,  gradually  thickening  bands,  or  unexplained  long-period 
swell  approaching  tro*  tne  southern  semicircle. 


nent.  Secure  all  unnecessary  engine  operation, 
t  retain  operating  have  adequate  air  filtration. 

fc  ash. 


e.  Possible  whenever  Nt.  Etna  erupts  or  e*its  an  ash  plu*e  and  prevailing 
winds  are  fro*  tne  northwest  quadrant. 


mooring.  If  incoming  swell  is  sufficiently  high 
til  i n  the  inner  harbor,  doubling  of  mooring  lines 
>d  on  the  west  side. 

swell  is  high  enough  to  cause  problems,  vessels 
:*crage  and  seek  more  protected  waters  north  of 
I"  "S'lnsula,  or  anchoraqes  along  the  north  coast  of 
:a’.e'»o  or  the  Gulf  of  Castellammare. 


r.  The  "Etesian’  occurs  when  a  deep  thermal  low  torts  over  northwest  India. 

It  creates  a  northerly  nonsoonai  flow  whicn  crosses  the  negean  and  eastern 
Hedi terranean  Seas  and  generates  swell  which  propagates  westward  to  Sicily. 
Maximum  occurrence  is  in  August,  when  the  thermal  low  is  strongest.  Observing 
wind  reports  in  the  Aegean  and  eastern  Mediterranean  Sea  will  provide  advance 
warning  of  an  Etesian  event.  Once  generated,  the  westward  moving  sweli  reaches 
the  east  coast  ot  Sicily  in  4-8  hours.  ■ 


/ 


table 


VESSEL  ! 

LOCAT I ON/S I TUAT I ON 

POTENTIAL  HAZARD 

EFFECT  -  FRE 

2.  Arrivina/departmo  harbor . 

Late  Autumn 

Winter 

Eariy  Spring 

' 

a.  Stronq  winds/heavy  seas  rroa 
southeast  guadrant  -  Primarily  a  late 
autuan,  winter,  early  spring  event.  Can  oe 
caused  by  *6regale"  or  “Scirocco".  Kay 
produce  seas  to  20  ft  (6  *>  in  outer  haroor, 
with  lesser  heights  retracting  into  inner 
harbor.  Southeasterly  seas  are  worst. 
Southeasterly  wind  co.nc.de.it  w. In 
southeasterly  swell  results  in  a  choppy 
inner  harbor.  East  winds  aay  cause  6-12  ft 

12-3.5  •)  seas  to  break  over  the  top  of  Mol o 
di  Levante,  and  1  1/2  ft  (1/2  »>  long-period 
swell  to  retract  into  the  inner  harbor. 

Retracted  swell  is  worst  tor  vessels  aoored 
on  the  west  side. 

a.  Large  vessels  approachm 
seas  are  occurring  or  foreca 
/■v  i »  or  less  cou.o  proceec 
are  less  than  C  kt;  ctferwi 
Vessels  scheduled  to  dep£-t 
winds.  All  vessels  should  b 
entrance. 

Late  Autuan 

Early  Winter 

1 

Late  Winter 

Early  Spring 

b.  Ram/thunderstor»s  -  Late  autuan/earlv 
winter  depressions  passing  south  ot  Sicily 
treguently  cause  heavy  rain  and/or 
thunderstorms  at  Catania  that  way  be 
continuous  tor  24  hours.  May  also  occur 
with  passing  frontal  systems!  Violent 
thunderstorms  tor*  over  Kt.  Etna  late 
winter/early  spring  and  wove  over  Catania 
with  hail,  wind  gusts  to  50kt  and 
waterspout!. 

b.  Continue  evolution  with 
to  manners,  but  the  rest  si 
winds  and  in  tne  case  or  tho 
can  be  done  to  avcio  1  igntn 
Dy  high  wind,  secure  ;q;so 
been, 

Late  Spring 

Suaaer 

Early  Autuan 

1 

c.  Sea  breeze  -  An  almost  daily  occurrence 
late  soring  through  early  autumn,  An 
unusually  strong  event  may  reach  27  kt  and 
cause  boating  to  be  cancelled  at  the 
anchorage,  and  may  delay  ships  enterino  or 
departing  the  anchorage.  Usually  begins 
about  iibOL,  reaches  a  normal  maximum  ot 
about  15  kt  by  1500L,  and  diminishes  about 

18001. 

c.  Continue  evoiuticr  «itn  . 
delay  until  winds  s„bs;;s, 
harbor. 

Winter 

Spring 

Suaaer 

Autuan 

d.  Tropical  cyclone  -  Uncommon  in  the 
Mediterranean,  but  when  occurring  have  a 
strong  chance  ot  developing  in  October.  Two 
ot  the  three  storms  recorded  since  1969  have 
occurred  m  late  September.  High  winds  and 
seas  possible. 

d.  Because  of  the  potent: al 
to  avoid  being  placed  r  tne 
to  sea  and  take  evasi.e  acti 
may  strike  or  pass  c  1  css  to 

Winter 

Spring 

Suaaer 

Autuan 

e.  Ash  tall  trom  Mt.  Etna  -  Catania  is  at 
risk  whenever  Mt.  Etna  erupts  or  emits  an 
ash  plume. 

e.  Cover  all  delicate  eonp 
Ensure  ail  engines  wM c  eus 
Minimize  personnel  e'posure 

Suaaer 

Early  Autuan 

t.  Easterly  swell  -  "Etesian*  winds  over  the 
eastern  Mediterranean  or  Aegean  Seas  can  cause 

8- 12  ft  (2. 5-3. 5  m)  swell  to  propagate  westward 
to  the  east  coast  of  Sicily.  Maximum 
occurrence  is  in  August,  swell  may  break  over 
top  of  Mojo  di  Levante  and  refract  1  1/2  ft 
(1/2  m)  long-period  swell  in  inner  harbor, 
tforst  effect  is  on  west  side. 

f.  Large  vessels  approachm 
effect  of  the  swell  wouic  be 
subsides,  smaller  vessels, 
inner  harbor  where  the  open 
and  wave  motion  would  be  1 i « 
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(Continued) 
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PRECAUTIONARY/EVASIVE  ACTIONS 


aching  Catania  should  renin  at  sea  if  strong  winds/high 
arecast  for  the  harbor.  Sialler  vessels  with  drafts  of 
teed  to  the  inner  harbor  if  the  winds  at  arrival  ti»e 
hern  se  retain  at  sea  until  the  winds/seas  subside, 
part  ^ould  oo  so  prior  to  onset  of  27  kt  or  greater 
jifl  a*  itii  .  iu!  strung  '.umuiU  .rear  uie  harour 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


a.  strong  Ninos  trot  the  southeast  Quadrant  result  then  a  strong  or  Dull  ding 
high  pressure  tell  over  central  or  eastern  Eurooe  coincides  with  an 
intensifying  Ion  pressure  system  over  North  Africa  or  Ionian  Sea.  This  is 
pritarily  a  late  aututn,  tinier,  early  soring  synoptic  oattern.  Prognostic 
charts  should  be  reviewed  *ith  this  scenario  in  tind.  Ninos  associated  with  a 
Err::::  :*tp~  **rc.dsd  tv  .utulifort  clouds  fcrting  and  staving  ever  ft. 

Etna  during  southeasterly  t 1 ow  over  eastern  Sicily. 


i 

i 


1 


iith  caution.  Thunderstoras  can  pose  several  problets 
»t  significant  are  lightning  strikes  and  strong  gusty 
*  these  forted  over  Mt.  Etna,  waterspouts.  Since  little 
I n t n : n g  strikes,  vessels  are  I iti ted  to  avoiding  datage 
lose  gear.  Minimize  personnel  exposure  on  weather 


b,  Thunderstor*  activity  can  be  expected  wno"  a  transient  Ion  pressure  system 
toves  eastNard  south  of  Sicily  iate  in  the  season.  During  late  autumn  and 
Ninter  cool  air  moving  over  tne  relatively  tarter  sea  curtace  causes 
instability  Nhich  can  result  in  more-or-less  continuous  thunderetori  activity 
♦or  up  to  24  ncurs.  They  tav  also  occur  with  passing  frontal  systems  :r  in  the 
coin  air  folloting  the  front.  During  late  winter  and  spring  violent 
thunderstorms  ?orm  over  fit.  Etna  and  move  over  Catania  when  the  steering  f  1  ow 
is  from  the  northNest. 


►ith  caution  unless  minds  are  27  kt  or  greater.  If  so, 
Ice.  Minimize  summer  ari:rr.oa»  runs  fo/from  inner 


:  ntiai  for  destruction,  tariners  should  make  every  effort 
the  track  of  a  tropical  cyclone.  Vessels  should  put 
a  actions  at  the  first  indication  that  a  tropical  cyclone 

*  a  to  [atari  a. 

A 


c.  The  sea  breeze  should  be  expected  daily  during  the  Narm  season  except  unit.'  I 
the  foil owi no  conditions: 

Mi  A  high  aloft  over  Sicily  can  oppose  the  return  branch  of  the  sea  I 

breeze,  The  sea  breeze  will  usually  overcome  the  resistance  but  Nil!  be 
meaker  than  normal .  I 

(21  Nhen  southerly  flow  across  eastern  Sicily  descends  toward  Catania  as  l 
a  mest  southwesterly,  hot  mind,  visibility  may  be  reduced  to  1/2  mi,  and  I 
no  sea  breeze  occurs.  Tfratus  buildup  along  the  south  coast  of  Sicily 
usually  precedes  the  event.  I 

d.  There  is  little  advance  indication  ot  the  formation  of  a  tropical  cyclone 
in  the  Mediterranean.  Close  monitoring  ot  satellite  images  and  synoptic 
reports  is  necessary  for  early  detection  of  a  developing  tropical  cyclone.  An 
approaching  tropical  cyclone  may  be  indicated  by  noting  high,  thin  clouds  in 
cydomcahy  spiralling,  gradually  thickening  bands,  or  unexplained  long-period  i 
smeil  approaching  from  the  southern  semicircle. 


(sguipment.  Secure  all  unnecessary  engine  operation. 

1  must  ♦emain  operating  have  adequate  air  filtration. 

sure  to  ash. 


e.  Eossible  whenever  Mt .  Etna  erupts  or  emits  an  ash  plume  and  prevailing 
minds  are  from  the  northwest  quadrant. 


aching  the  anchorage  in  the  outer  harbor  where  the 
id  be  at  a  maximum  are  advised  to  delay  until  the  swell 
sis,  with  drafts  of  30  ft  or  less,  can  proceed  to  the 
:pen  ocean  swell  would  be  blocked  by  Nolo  di  Levante, 
e  limited  to  refracted  wave  energy  and  local  wind  waves. 


j  ♦  .  The  "Etesian"  occurs  when  a  deep  thermal  low  forms  over  northwest  India. 

|  It  creates  a  northerly  monsoonal  flow  which  crosses  the  Aegean  and  eastern 
j  Nedi terranean  Seas  and  generates  swell  which  propagates  westward  to  Sicily. 

Maximum  occurrence  is  in  August,  when  the  thermal  low  is  strongest.  Observing 
1  wind  reports  in  the  Aegean  and  eastern  Nediterranean  Sea  will  provide  advance 
warning  of  an  Etesian  event.  Once  generated,  the  westward  moving  swell  reaches 
:  the  east  coast  ot  Sicily  in  4-8  hours. 
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VESSEL 

LOCAT I ON/S I TUAT I ON 

POTENTIAL  HAZARD 

EFFECT  -  PRECAUTIQNAR' 

3.  Stall  boat  operations. 

Late  Aututn 

Uir.ter 

Early  Spring 

a.  Strong  Kinds/heavy  seas  trot 
southeast  guadrant  -  Primarily  a  late 
aututn,  Kinter,  early  spring  event.  Can  he 
caused  by  “Sregale"  or  "Scirocco".  Hay 
produce  seas  to  20  it  (6  e)  in  outer  harbor, 

Math  lesser  heights  refracting  into  inner 
harbor.  Southeasterly  seas  are  torst. 

Southeasterly  Kind  coincident  Kith 
southeasterly  snell  results  in  a  choppy 
inner  harbor.  East  Kinds  tay  cause  6-12  ft 
(2-3,5  t)  seas  to  break  over  the  top  of  hoi o 
di  Levanie,  and  1  1/2  ft  (1/2  t)  long-period 
stell  to  refract  into  the  inner  harbor. 

Refracted  stell  is  torst  for  vessels  toored 
on  the  test  side. 

a.  stall  boat  operations  should  tie  secured 
state  takes  their  operation  unsafe. 

Late  Aututn 

Early  Winter 

Late  Winter 

Early  Spring 

b.  Rain/thunderstores  -  Late  aututn/eariy 

Kinter  depressions  passing  south  of  Sicily 
frequently  cause  heavy  rain  and/or 
thunderstoris  at  Catania  that  tay  he 
continuous  for  24  hours.  Hay  also  occur 

Kith  passing  frontal  systeis.  Violent 
thunderstoris  fort  over  Ht.  Etna  late 

Kinter/early  spring  and  tove  over  Catania 

Kith  hail.  Kind  gusts  to  50kt  and 

Katerspouts. 

b.  Stall  boats  should  be  operated  Kith  extri 
first  indication  of  lightning  or  strong  Kinds 

Late  Spring 

Sutter 

Early  Aututn 

c.  Sea  breeze  -  An  al tost  daily  occurrence 
late  spring  through  early  aututn.  An 
unusually  strong  event  tay  reach  27  kt  and 
cause  boating  to  be  cancelled  at  the 
anchorage,  and  tay  delay  ships  entering  or 
departing  the  anchorage.  Usually  begins 
about  lOoOL,  reaches  a  nortal  tan  tut  of 
about  15  kt  by  1500L,  and  ditimshes  about 

1800L. 

C.  Hinital  effect  on  inner  harbor  operations 
kt.  Stall  boat  operations  are  cancelled  at  2 

1 

Winter 

Spring 

Sutter 

Aututn 

d.  Tropical  cyclone  -  Uncotton  in  the 
Hediterranean,  but  then  occurring  have  a 
strong  chance  of  developing  in  October.  Tko 
of  the  three  storis  recorded  since  1969  have 
occurred  in  late  Septetber.  High  Kinds  and 
seas  possible. 

d.  All  stall  boat  operations  shoulo  cease  at 
cyclone.  Stall  craft  should  be  heist ec  out  c 
or,  in  the  case  of  shore-based  boats,  veil  at 

Winter 

Spring 

Sutter 

Aututn 

e,  Ash  fall  frot  Ht.  Etna  -  Catania  is  at 
risk  Khenever  Ht.  Etna  erupts  or  etits  an 
ash  plute. 

e.  Cover  all  delicate  equipment,  secure  ali 
Ensure  all  engines  which  tust  retain  eperatu 

Suiter 

Early  Aututn 

f.  Easterly  sKell  -  'Etesian'  Kinds  over  the 
eastern  Hediterranean  or  Aegean  Seas  can  cause 
8-12  ft  12.5-3.5  t)  snell  to  propagate  Kestnard 
to  the  east  coast  of  Sicily.  Haxitut 
occurrence  is  in  August.  Snell  tay  break  over 
top  of  Holo  di  Levante  and  refract  1  Mi  ft 
(1/2  a)  long-period  stell  in  inner  harbor. 

Worst  effect  is  on  nest  side. 

f.  Hinital  effect  on  inner-harbor  operation! 
anchorage  tay  be  affected  if  stell  period  is 
cotpounoed  by  significant  Kind  naves. 

4.  Helicopter  operations. 

Suiter 

a.  West-southne5terly  Kinds  20-25  kt. 

a.  West-southKesterly  Kinds  tay  cause  turbu 
operating  in  the  Catania  area. 

(Continued) 


IONARY/EVASIVE  ACTIONS 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


'e  secured  in  Kinds  over  27  kt  or  if  sea 


a.  Strong  Kinds  *ro*  the  southeast  quadrant  result  Khen  a  strong  or  bedding 
lug,,  pressure  cell  over  central  or  eastern  Europe  coincides  with  an 
intensifying  Iok  pressure  system  over  North  Africa  or  Ionian  Sea.  This  is 
primarily  a  late  autumn,  winter ,  early  spring  synoptic  pattern.  Prognostic 
charts  should  be  revieKed  Kith  this  scenario  in  mina.  Hinds  associated  Kith 
Scirocco  are  often  preceded  by  cumulitor*  clouds  forming  and  staying  over  lit. 
Etna  during  southeasterly  tIok  ever  eastern  Sicily. 


1 


a 


i 


Kith  extreme  caution  and  secured  at  the 
trong  minds. 


i  operations  unless  velocities  exceed  20-25 
icelled  at  27  kt. 


Id  cease  at  the  approach  of  the  tropical 
isted  out  of  the  Kater  and  secured  on  deck 
ts ,  eell  above  the  high  tide  line. 


Secure  ai!  unnecessary  engine  operation, 
in  operating  have  adequate  air  filtration. 


n.  Thunderstorm  activity  can  oe  expected  Khen  a  transient  iok  pressure  system 
moves  eastmard  south  ot  Sicily  late  in  the  season.  During  late  autumn  and 
Kinter  cool  air  moving  over  the  relatively  warmer  sea  surface  causes 
instability  which  can  result  in  more-or-less  continuous  thunderstorm  activity 
tor  up  to  24  hours.  They  may  also  occur  with  passing  frontal  systems  or  in  the 
cold  air  following  the  front.  During  late  winter  and  spring  violent 
thunderstorms  form  over  lit.  Etna  a..J  move  over  Catania  when  the  steennq  flow 
is  from  the  northwest. 


c.  The  sea  breeze  should  be  expected  daily  during  the  warm  season  except  under 
the  following  conditions: 

ill  ft  high  aloft  over  Sicily  can  oppose  the  return  branch  of  the  sea 
breeze.  The  sea  breeze  will  usually  overcome  the  resistance  but  will  be 
weaker  than  normal. 

f")  Nhen  southerly  flew  across  eastern  Sicily  descends  toward  Catania  as 
a  west  southwesterly,  hot  wind,  visibility  may  be  reduced  to  1/2  mi,  and 
no  sea  breeze  occurs.  Tfratus  buildup  along  ihe  south  coast  of  Sicily 
I  usually  precedes  the  event. 

I  d.  There  is  little  advance  indication  o*  the  formation  ot  a  tropical  cyclone 
in  the  Mediterranean.  Close  monitoring  of  satellite  images  and  synoptic 
reports  is  necessary  for  early  detection  of  a  developing  tropical  cyclone.  An 
approaching  tropica:  cyclone  may  be  indicated  by  noting  high,  thin  clouds  in 
cycionically  spiralling,  gradually  thickening  bands,  or  unexplained  long-period 
swell  approaching  from  (he  southern  semicircle. 

e.  Possible  whenever  Mt.  Etna  erupts  or  emits  an  ash  plume  and  prevailing 
winds  are  fro*  the  northwest  quadrant. 


operations.  Runs  to  the  outer  harbor 
period  is  short,  or  swell  motion  is 
les. 


f.  The  "Etesian"  occurs  when  a  deep  thermal  low  forms  over  northwest  India. 

It  creates  a  northerly  monsoonal  flow  which  crosses  the  Aegean  and  eastern 
Mediterranean  Seas  and  generates  swell  which  prooagates  westward  to  Sicily. 
Maximum  occurrence  is  in  August,  when  the  thermal  low  is  strongest.  Observing 
wind  reports  in  the  Aegean  and  eastern  Mediterranean  Sea  will  provide  advance 
warning  of  an  Etesian  event.  Once  generated,  the  westward  moving  swell  reaches 
the  east  coast  ot  Sicily  in  4-8  hours. 


ause  turbulence  problems  for  helicopters 


a.  Nest-southwesterly  winds  may  result  when  a  low  pressure  trough  is  located 
in  the  western  Mediterranean  Sea.  Turbulence  at  Catania  may  be  preceded  by 
stratus  clouds  terming  along  the  south  coast  of  Sicily. 


REFERENCES 


U.  S.  Navy,  1983:  Fleet  Directory  for  Catania.  Sicily. 
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PORT  VISIT  INFORMATION 

JUNE  1985.  NEPRF  meteorologists  R.  Fett  and  R.  Picard 
met  with  NOCD  meteorologists  A6C  Adams  and  Port  Captain 
CDR  Petralia  to  obtain  much  of  the  information  used  in 
this  port  evaluation. 
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APPENDIX  A 


General  Purpose  Oceanographic  Information 

This  section  provides  general  information  on  wave 
forecasting  and  wave  climatology  as  used  in  this  study. 
The  forecasting  material  is  not  harbor  specific.  The 
material  in  paragraphs  A. 1  and  A. 2  was  extracted  from 
H.O.  Pub.  No.  603,  Practical  Methods  for  Observing  and 
Forecasting  Ocean  Waves  (Pierson,  Neumann,  and  James, 
1955).  The  information  on  fully  arisen  wave  conditions 
(A. 3)  and  wave  conditions  within  the  fetch  region  (A. 4) 
is  based  on  the  JONSWAP  model.  This  model  was  developed 
from  measurements  of  wind  wave  growth  over  the  North  Sea 
in  1973.  The  JONSWAP  model  is  considered  more 
appropriate  for  an  enclosed  sea  where  residual  wave 
activity  is  minimal  and  the  onset  and  end  of  locally 
forced  wind  events  occur  rapidly  (Thornton,  1986),  and 
where  waves  are  fetch  limited  and  growing  (Hasselmann,  et 
al . ,  1976).  Enclosed  sea,  rapid  onset/subsiding  local 
winds,  and  fetch  limited  waves  are  more  representative  of 
the  Medi terranean  waves  and  winds  than  the  conditions  of 
the  North  Atlantic  from  which  data  was  used  for  the 
Pierson  and  Moskowitz  (P-M)  Spectra  (Neumann  and  Pierson 
1966).  The  P-M  model  refined  the  original  spectra  of 
H.O.  603,  which  over  developed  wave  heights. 

The  primary  difference  in  the  results  of  the 
JONSWAP  and  P-M  models  is  that  it  takes  the  JONSWAP  model 
longer  to  reach  a  given  height  or  fully  developed  seas. 
In  part  this  reflects  the  different  starting  wave 
conditions.  Because  the  propagation  of  waves  from 
surrounding  areas  into  semi -end osed  seas,  bays,  harbors, 
etc.  is  limited,  there  is  little  residual  wave  action 
following  periods  of  locally  light/calm  winds  and  the  sea 
surface  is  nearly  flat.  A  local  wind  developed  wave 
growth  is  therefore  slower  than  wave  growth  in  the  open 
ocean  where  some  residual  wave  action  is  generally  always 
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present.  This  slower  wave  development  is  a  built  in  bias 
in  the  formulation  of  the  JONSWAP  model  which  is  based  on 
data  collected  in  an  enclosed  sea. 


A.  1  Def i ni ti ons 


Waves  that  are  being  generated  by  local  winds  are 
called  "SEA" .  Waves  that  have  traveled  out  of  the  gener¬ 
ating  area  are  known  as  "SWELL" .  Seas  are  chaotic  in 
period,  height  and  direction  while  swell  approaches  a 
simple  sine  wave  pattern  as  its  distance  from  the  gener¬ 
ating  area  increases.  An  in-between  state  exists  for  a 
few  hundred  miles  outside  the  generating  area  and  is  a 
condition  that  reflects  parts  of  both  of  the  above  defi¬ 
nitions.  In  the  Mediterranean  area,  because  its  fetches 
and  open  sea  expanses  are  limited,  SEA  or  IN-  BETWEEN 
conditions  will  prevail.  The  "SIGNIFICANT  WAVE  HEIGHT" 
is  defined  as  the  average  value  of  the  heights  of  the 
one-third  highest  waves.  PER I DP  and  WAVE  LENGTH  refer  to 
the  time  between  passage  of,  and  distances  between,  two 
successive  crests  on  the  sea  surface.  The  FREQUENCY  is 
the  reciprocal  of  the  period  <f  =  1/T)  therefore  as  the 
period  increases  the  frequency  decreases.  Waves  result 
from  the  transfer  of  energy  from  the  wind  to  the  sea 
surface.  The  area  aver  which  the  wind  blows  is  known  as 
the  FETCH,  and  the  length  of  time  that  the  wind  has  blown 
is  the  DURATION.  The  characteristics  of  waves  (height, 
length,  and  period)  depend  on  the  duration,  fetch,  and 
velocity  of  the  wind.  There  is  a  continuous  generation 
of  small  short  waves  from  the  time  the  wind  starts  until 
it  stops.  With  continual  transfer  of  energy  from  the 
wind  to  the  sea  surface  the  waves  grow  with  the  older 
waves  leading  the  growth  and  spreading  the  energy  over  a 
greater  range  of  frequencies.  Throughout  the  growth 
cycle  a  SPECTRUM  of  ocean  waves  is  being  developed. 
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Wave  Spectrum 


Wave  character i sti cs  are  best  described  by  means 
of  their  range  of  frequencies  and  directions  or  their 
spectrum  and  the  shape  of  the  spectrum.  If  the  spectrum 
of  the  waves  covers  a  wide  range  of  frequencies  and 
directions  (known  as  short-crested  conditions),  SEA 
conditions  prevail.  If  the  spectrum  covers  a  narrow 
range  of  frequencies  and  directions  (long  crested 
conditions),  SWELL  conditions  prevail.  The  wave  spectrum 
depends  on  the  duration  of  the  wind,  length  of  the  fetch, 
and  on  the  wind  velocity.  At  a  given  wind  speed  and  a 
given  state  of  wave  development,  each  spectrum  has  a  band 
of  frequencies  where  most  of  the  total  energy  is 
concentrated .  As  the  wind  speed  increases  the  range  of 
significant  frequencies  extends  more  and  more  toward 
lower  frequencies  (longer  periods).  The  frequency  of 
maximum  energy  is  given  in  equation  1.1  where  v  is  the 
wind  speed  in  knots. 

f  =  2.476  (1.1) 
v 

The  wave  energy,  being  a  function  of  height  squared , 
increases  rapidly  as  the  wind  speed  increases  and  the 
maximum  energy  band  shifts  to  lower  frequencies.  This 
results  in  the  new  developing  smaller  waves  (higher 
frequencies)  becoming  less  significant  in  the  energy 
spectrum  as  well  as  to  the  observer.  As  larger  waves 
develop  an  observer  will  pay  less  and  less  attention  to 
the  small  waves.  At  the  low  frequency  (high  period)  end 
the  energy  drops  off  rapidly,  the  longest  waves  are 
relatively  low  and  extremely  flat,  and  therefore  also 
masked  by  the  high  energy  frequencies.  The  result  is 
that  5%  of  the  upper  frequencies  and  3%  cf  the  lower 
frequencies  can  be  cut-off  and  only  the  remaining 


frequencies  are  considered  as  the  ‘‘significant  part  of 
the  wave  spectrum".  The  resulting  range  of  significant 
frequencies  or  periods  are  used  in  defining  a  fully 
arisen  sea.  For  a  fully  arisen  sea  the  approximate 
average  period  for  a  given  wind  speed  can  be  determined 
from  equation  (1.2). 

T  =  0.285v 

Where  v  is  wind  speed  in  knots  and 
seconds.  The  approximate  average  wave 
arisen  sea  is  given  by  equation  (1.3). 

L  =  3.41  T3  (1.3) 


(1.2) 

T  is  period  in 
length  in  a  fully 


Where  L  is  average  wave  length  in  feet  and  T  is  average 
period  in  seconds. 

The  approximate  average  wave  length  of  a  fully  arisen  sea 
can  also  be  expressed  as: 

L  =  . 67"L"  (1.4) 

where  "L"  =  5. 12T3,  the  wave  length  for  the  classic  sine 
wave. 

A. 3  Fully  Arisen  Sea  Conditions 


For  each  wind  speed  there  are  minimum  fetch  (n 
mi)  and  duration  (hr)  values  required  for  a  fully  arisen 
sea  to  exist.  Table  A-l  lists  minimum  fetch  and  duration 
values  for  selected  wind  speeds,  values  of  significant 
wave  (average  of  the  highest  1/3  waves)  period  and 
height,  and  wave  length  of  the  average  wave  during 
developing  and  fully  arisen  seas.  The  minimum  duration 
time  assumes  a  start  from  a  flat  sea.  When  pre-existing 


A-4 


lower  waves  exist  the  time  to  fetch  limited  height  will 
be  shorter.  Therefore  the  table  duration  time  represents 
the  maximum  duration  required. 


Table  A-l.  Fully  Arisen  Deep  Water  Sea  Conditions  Based 
on  the  JONSWAP  Model . 


Wi  nd 
Speed 


Minimum 

Fetch/Durati on 


Sig  Wave  (Hl/3) 
Per i od/Hei ght 


!  (kt) 

(n  mi  ) 

(hrs) 

(sec ) 

(ft) 

/Arisen  ! 
L  X  (.5)  /L  X  (.67) ! 

;  10 

28 

/ 

4 

4 

/ 

2 

41 

/ 

55  ! 

:  is 

55 

/ 

6 

6 

/ 

4 

92 

/ 

123  : 

:  20 

110 

/ 

8 

8 

/ 

a 

164 

/ 

220  ! 

:  25 

160 

/ 

1 1 

208 

/ 

278  ! 

!  30 

210 

/ 

13 

310 

/ 

415 

1  35 

310 

/ 

15 

433 

/ 

580  ! 

!  40 

410 

/ 

17 

576 

/ 

772 

Wave  Length  (ft) 
Devel oping/Ful 1 y 


NOTES: 

1  Depths  throughout  fetch  and  travel  zone  must  be  greater 
than  1/2  the  wave  length,  otherwise  shoaling  and 
refraction  take  place  and  the  deep  water 
characteristics  of  waves  are  modified. 


=  For  the  classic  sine  wave  the  wave  length  (L)  equals 
5.12  times  the  period  (T)  squared  <L  *  5. 12T2) .  As 
waves  develop  and  mature  to  fully  developed  waves  and 
then  propagate  out  of  the  fetch  area  as  swell  their 
wave  lengths  approach  the  classic  sine  wave  length. 
Therefore  the  wave  ’ engths  of  developing  waves  are  less 
than  those  of  fuily  developed  waves  which  in  turn  are 
less  than  the  length  of  the  resulting  swell.  The 
factor  of  .5  (developing)  and  .67  (fully  developed) 
reflect  this  relationship. 
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Waves  produced  by  local  winds  are  referred  to  as 
SEA.  In  harbors  the  local  sea  or  wind  waves  may  create 
hazardous  conditions  for  certain  operations.  Generally 
within  harbors  the  fetch  lengths  will  be  short  and 
therefore  the  growth  of  local  wind  waves  will  be  fetch 
limited.  This  implies  that  there  are  locally  determined 
upper  limits  of  wave  height  and  period  for  each  wind 
velocity.  Significant  changes  in  speed  or  direction  will 
result  in  generation  of  a  new  wave  group  with  a  new  set 
of  height  and  period  limits.  Once  a  fetch  limited  sea 
reaches  its  upper  limits  no  further  growth  will  occur 
unless  the  wind  speed  increases. 

Table  A-2  provides  upper  limits  of  period  and 
height  for  given  wind  speeds  over  some  selected  fetch 
lengths.  The  deration  in  hours  required  to  reach  these 
upper  limits  (assuming  a  start  from  calm  and  flat  sea 
conditions)  is  also  provided  for  each  combination  of 
fetch  length  and  wind  speed.  Some  possible  uses  of  Table 
A-2  information  are: 

1)  If  the  only  waves  in  the  area  are  locally 
generated  wind  waves,  the  Table  can  be  used 
to  forecast  the  upper  limit  of  sea  conditions 
for  combinations  of  given  wind  speeds  and 
fetch  length. 

2)  If  deep  water  swell  is  influencing  the  local 

area  in  addition  to  locally  generated  wind 
waves,  then  the  Table  can  be  used  to 
determine  the  wind  waves  that  will  combine 
with  the  swell.  Shallow  water  swell 
conditions  are  influenced  by  local  bathymetry 
(refraction  and  shoaling)  and  will  be 

addressed  in  each  specific  harbor  study. 

3)  Given  a  wind  speed  over  a  known  fetch  length 
the  maximum  significant  wave  conditions  and 
time  needed  to  reach  this  condition  can  be 
determi ned . 


Table  A-2.  Fetch  Limited  Wind  Wave  Conditions  and  Time 
Required  to  Reach  These  Limits  (Based  on  JONSWAP  Model). 
Enter  the  table  with  wind  speed  and  fetch  length  to  de¬ 
termine  the  significant  wave  height  and  period,  and  time 
duration  needed  for  wind  waves  to  reach  these  limiting 
factors.  All  of  the  fetch/speed  combinations  are  fetch 
limited  except  the  100  n  mi  fetch  and  IB  kt  speed. 

Format ;  height  (feet) /period  (seconds) 
duration  required  (hours) 


!  Fetch  \  Wind  Speed 
Lenath  \  18 

(kt) 

24 

30 

36 

42 

!  (n  mi ) 

!  10 

2/3-4 

3/3-4 

3-4/4 

4/4-5 

5/5 

1-2 

2 

2 

1-2 

1-2 

1  20 

3/4-5 

4/4-5 

5/5 

6/5-6 

7/5-6 

2-3 

3 

3 

3-4 

3 

!  30 

3-4/5 

5/5-6 

6/6 

7/6 

8/6-7 

3 

4 

3-4 

3-4 

3 

!  40 

ngM 

5/6 

6-7/6-7 

8/7 

9-10/7-8 

4 

4 

4 

3-4 

i  100 

5/6-7 1 

9/8 

11/9 

13/9 

15-16/9-10 

5-6 

8 

7 

7 

7 

1  18  kt  winds  are  not  fetch  limited  over  a  100  n  mi  fetch. 


An  example  of  expected  wave  conditions  based  on  Table  A-2  follows: 
WIND  FORECAST  OR  CONDITION 

An  offshore  wind  of  about  24  kt  with  a  fetch  limit  of  20 
n  mi  (ship  is  20  n  mi  from  the  coast)  is  forecast  or  has 
been  occurring. 

SEA  FORECAST  OR  CONDITION 

From  Table  A-2:  If  the  wind  condition  is  forecast  to 
last,  or  has  been  occurring,  for  at  least  3  hours: 

Expect  sea  conditions  of  4  feet  at  4-5  second 
period  to  develop  or  exist.  If  the  condition 
lasts  less  than  3  hours  the  seas  will  be  lower. 
If  the  condition  lasts  beyond  3  hours  the  sea 
will  not  grow  beyond  that  developed  at  the  end 
of  about  3  hours  unless  there  i s  an  increase  in 
wind  speed  or  a  change  in  the  direction  that 
results  in  a  longer  fetch. 
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Wave  Climatology 


The  wave  climatology  used  in  these  harbor  studies 
is  based  on  11  years  of  Medi terranean  SOWM  output.  The 
MED-SOWM  is  discussed  in  Volume  II  of  the  U.S.  Naval 
Oceanography  Command  Numerical  Environmental  Products 
Manual  (1986).  A  deep  water  MED-SOWM  grid  point  was 
selected  as  representati ve  of  the  deep  water  wave 
conditions  outside  each  harbor.  The  deep  water  waves 
were  then  propagated  into  the  shallow  water  areas.  Using 
linear  wave  theory  and  wave  refraction  computations  the 
shallow  water  climatology  was  derived  from  the  modified 
deep  water  wave  conditions.  This  climatology  does  not 
include  the  local  wind  generated  seas.  This  omission,  by 
design,  is  accounted  for  by  removing  all  wave  data  for 
periods  less  than  6  seconds  in  the  climatology.  These 
shorter  period  waves  are  typically  dominated  by  locally 
generated  wind  waves. 

A . 6  Propaqati on  of  Deep  Water  Swell  Into  Shallow  Water  Areas 

When  deep  water  swell  moves  into  shallow  water 
the  wave  patterns  are  modified,  i.e. ,  the  wave  heights 
and  directions  typically  change,  but  the  wave  period 
remains  constant.  Several  changes  may  take  place  in¬ 
cluding  shoaling  as  the  wave  feels  the  ocean  bottom,  re¬ 
fraction  as  the  wave  crest  adjusts  to  the  bathymetry 
pattern,  changing  so  that  the  crest  becomes  more  parallel 
to  the  bathymetry  contours,  friction  with  the  bottom 
sediments,  interaction  with  currents,  and  adjustments 
caused  by  water  temperature  gradients.  In  this  work, 
only  shoaling  and  refraction  effects  are  considered. 
Consideration  of  the  other  factors  are  beyond  the 
resources  available  for  this  study  and,  furthermore,  they 
are  considered  less  significant  in  the  harbors  of  this 
study  than  the  refraction  and  shoaling  factors. 

To  determine  the  conditions  of  the  deep  water 
waves  in  the  shallow  water  areas  the  deep  water 
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conditions  were  -first  obtained  from  the  Navy's 
operational  MED-SOWM  wave  model.  The  bathymetry  for  the 
harbor/area  of  interest  was  extracted  from  available 
charts  and  digitized  for  computer  use.  Figure  A-l  is  a 
sample  plot  of  bathymetry  as  used  in  this  project.  A  ray 
path  ref ract i on/shoal i ng  program  was  run  for  selected 
combinations  of  deep  water  wave  direction  and  period. 
The  selection  was  based  on  the  near  deep  water  wave 
climatology  and  harbor  exposure.  Each  study  area 
requires  a  number  of  ray  path  computations.  Typically 
there  are  3  or  4  directions  (at  30°  increments)  and  5  or 
6  periods  (at  2  second  intervals)  of  concern  for  each 
area  of  study.  This  results  in  15  to  24  plots  per 
area/harbor.  To  reduce  this  to  a  manageable  format  for 
quick  reference,  specific  locations  within  each  study 
area  were  selected  and  the  information  was  summarized  and 
is  presented  in  the  specific  harbor  studies  in  tabular 
form. 


Figure  A-l.  Example  plat  of  bathymetry  (Naples  harbor)  as  used  in  this 
project.  Far  plotting  purposes  only,  contours  are  at  50  fathom 
intervals  from  an  initial  10  fathoms  to  110  fathoms,  and  at  lOO  fathom 
intervals  thereafter.  The  larger  size  numbers  identify  specific 
anchorage  areas  addressed  in  the  harbor  study. 
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COMMANDER 

COASTAL  ENGINEERING  RSCH  CEN 
KINGMAN  BLOG. 

FT.  BEL VOIR,  VA  22060 


DIRECTOR,  ENV.  «,  LIFE  SCI. 
OFFICE  OF  UNDERSECRETARY  OF 
DEFENSE  FOR  RSCH  &  ENG  E&LS 
RM.  3DI29,  THE  PENTAGON 
WASHINGTON,  DC  20505 


COMMANDANT 

DEFENSE  LOGISTICS  STUOIES 
INFORMATION  EXCHANGE 
ARMY  LOGISTICS  MANAGEMENT 
CENTER 

FORT  LEE,  VA  23801 

COMMANDING  OFFICER 
USCG  RESTRACEN 
YORKTOWN,  VA  23690 


FEDERAL  COORD.  FOR  METEORO. 
SERVS.  &  SUP.  RSCH.  (OFCM) 
11426  ROCKVILLE  PIKE 
SUITE  300 

ROCKVILLE,  MD  20852 


NOAA  RSCH  FACILITIES  CENTER 
P.O.  BOX  520197 
MIAMI,  FL  33152 


HEAD 

OFFICE  OF  OCEANO.  &  LIMNOLOGY 
SMITHSONIAN  INSTITUTION 
WASHINGTON,  DC  20560 


SCIENCE  APPLICATIONS 

INTERNATIONAL  CORP.  (SAIC) 
205  MONTEC ITO  AVE. 

MONTEREY,  CA  93940 


DIRECTOR 

LIBRARY,  TECH.  INFO.  CEN. 
ARMY  ENG.  WATERWAYS  STN. 
VICKSBURG,  MS  39180 


CENTRAL  INTELLIGENCE  AGENCY 
ATTN:  OCR  STANDARD  DIST. 
WASHINGTON,  DC  20505 


COMMANDANT 

U.S.  COAST  GUARD 

WASHINGTON,  DC  20226 


COMMANDING  OFFICER 
USCG  RSCH  &  DEV.  CENTER 
GROTON,  CT  06340 


NATIONAL  CLIMATIC  CENTER 
ATTN:  L.  PRESTON  D542X2 
FEDERAL  BLDG.  -  LIBRARY 
ASHEVILLE,  NC  28801 


OIRECTOR 

ATLANTIC  MARINE  CENTER 
COAST  &  GEOOETIC  SURVEY,  NOAA 
439  W.  YORK  ST. 

NORFOLK,  VA  23510 


SCPIPPS  INSTITUTION  OF 
OCEANOGRAPHY ,  LIBRARY 
DOCUMENTS/REPORTS  SECTION 
LA  JOLLA,  CA  92037 


OCEANROUTES,  INC. 

680  W.  MAUDE  AVE. 
SUNNYVALE,  CA  94086-3518 


DIRECTOR  (12) 

DEFENSE  TECH.  INFORMATION 
CENTER,  CAMERON  STATION 
ALEXANDRIA,  VA  22314 


DIRECTOR,  TECH.  INFORMATION 
DEFENSE  ADV.  RSCH  PROJECTS 
1400  WILSON  BLVD. 

ARLINGTON,  VA  22209 


CHIEF,  MARINE  SCI.  SECTION 
U.S.  COAST  GUARD  ACADEMY 
NEW  LONDON,  CT  06320 


OCEANOGRAPHIC  SERVICES  DIV. 
NOAA 

6010  EXECUTIVE  BLVD. 
ROCKVILLE,  MD  20852 


DIRECTOR 

NATIONAL  OCEANO.  DATA  CENTER 
E/0C23 ,  NOAA 
WASHINGTON,  DC  20235 


CHIEF,  INTERNATIONAL  AFFAIRS 
NATIONAL  WEATHER  SERVICE 
8060  13TH  STREET 
SILVER  SPRING,  MD  20910 


WOODS  HOLE  OCEANO.  INST. 
DOCUMENT  LIBRARY  L0-206 
WOODS  HOLE,  MA  02543 


MR.  W.  G.  SCHRAMM/WWW 
WORLD  METEOROLOGICAL 
ORGANIZATION 

CASE  POSTALE  #5,  CH-1211 
GENEVA,  SWITZERLAND 
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DIRECTOR,  INSTITUTE  OF 
PHYSICAL  OCEANOGRAPHY 
HARALDSGADE  6 
2200  COPENHAGEN  N. 
DENMARK 


MINISTRY  OF  DEFENCE 
NAVY  DEPARTMENT 
ADMIRALTY  RESEARCH  LAB 
TEDDINGTON,  MIDDX 
ENGLAND 


METEOROLOGIE  NATIONALE 
SMM/DOCUMENTATION 
2,  AVENUE  RAPP 
75340  PARIS  CEDEX  07 
FRANCE 


DIRECTION  DE  LA  METEOROLOGIE 
ATTN:  J.  DETTWILLER,  MN/RE 
77  RUE  DE  SEVRES 
92106  BOULOGNE-BILLANCOURT 
CEDEX,  FRANCE 


INSTITUT  FUR  MEERESKUNDE  DER 
UNIVERSITAT  HAMBURG 
HE IMHUDERSTRASSE  71 
2000  HAMBURG  13 
FEDERAL  REPUBLIC  OF  GERMANY 


CONSIGLIO  NAZIONALE  DELLE 
RICERCHE 

ISTITUTO  TALASSOGRAFICO  DI 
TRIESTE,  VIALE  R.  GESSI  2 
34123  TRIESTE,  ITALY 


DIRECTOR  OF  NAVAL 
OCEANO.  &  METEOROLOGY 
MINISTRY  OF  DEFENCE 
OLD  WAR  OFFICE  BLDG. 
LONDON,  S.W.l.  ENGLAND 


COMMANDER  IN  CHIEF  FLEET 
ATTN:  STAFF  METEOROLOGIST  & 
OCEANOGRAPHY  OFFICER 
NORTHWOOD,  MIDDLESEX  HA6  3HP 
ENGLAND 


SERVICE  HYDROGRAPHIQUE  ET 
OCEANOGRAPHIQUE  DE  LA  MARINE 
ESTABLISSEMENT  PRINCIPAL 
RUE  DU  CHATELLIER,  B.P.  426 
29275  -  BREST  CEDEX,  FRANCE 


OZEANOGRAPHI SCHE 
FORSCHUNGSANTALT  BUNDESWEHR 
LORNSENSTRASSE  7,  KIEL 
FEDERAL  REPUBLIC  OF  GERMANY 


DIRECTOR,  DEUTSCHES 
HYDROGRAPHISCHES  INSTITUT 
TAUSCHSTELLE,  POSTFACH  220 
D2000  HAMBURG  4 
FEDERAL  REPUBLIC  OF  GERMANY 


DIRECTOR,  SACLANT  ASW 
RESEARCH  CENTRE 
VIALE  SAN  BARTOLOMEO,  400 
1-19026  LA  SPEZIA,  ITALY 


THE  BRITISH  LIBRARY 
SCIENCE  REFERENCE  LIBRARY  (A) 
25  SOUTHAMPTON  BLDGS. 

CHANCERY  LANE 
LONDON  WC2A  1AW 


LIBRARY,  INSTITUTE  OF 
OCEANOGRAPHIC  SCIENCES 
ATTN:  DIRECTOR 
WORMLEY,  GODALMING 
SURRY  GU8  5UB,  ENGLAND 


METEOROLOGIE  NATIONALE 
1  QUA I  BRANLY 
75,  PARIS  (7) 

FRANCE 


INSTITUT  FUR  MEERESKUNDE 
AN  DER  UNIVERSITAT  KIEL 
DUSTERNBROOKER  WEG  20 
23  KIEL 

FEDERAL  REPUBLIC  OF  GERMANY 


ISTITUTO  UNI VERSITARIO  NAVALE 
FACILTA  DI  SCIENZE  NAUTICHE 
ISTITUTO  DI  METEOROLOGIA  E 
OCEANOGRAFIA,  80133  NAPOLI  - 
VIA  AMM,  ACTON,  38  ITALY 
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